High temperature cyclic oxidation data. Part 1: Turbine alloys by Garlick, Ralph G. et al.
HIGH-TEMPERATURE
CYCLIC OXIDATION
DATA
CHARLES A. BARRETT
RALPH G. GARLICK
CARL E. LOWELL
0
0
0
I
0
LEWIS RESEARCH CENTER
CLEVELAND, OHIO
NASA TM-83665
(REVISED 1989)
TURBINE ALLOYS, PART 1
OCTOBER 1989
3
https://ntrs.nasa.gov/search.jsp?R=19910000836 2020-03-19T20:19:39+00:00Z

NASA Technical Memorandum 83665
(Revised)
High-Temperature Cyclic Oxidation Data
Turbine Alloys, Part 1
Charles A. Barrett, Ralph G. Garlick,
and Carl E. Lowell
Lewis Research Center
Cleveland, Ohio
October 1989
National Aeronautics and
Space Administration
Lewis Research Center
Cleveland, Ohio 44135

Contents
Page
Summary .............................................................................................................. 1
Introduction ........................................................................................................... 1
Oxidation Data ....................................................................................................... 1
Comments on the Data ............................................................................................. 2
References ............................................................................................................. 2
Tables
I--Test Alloys ..................................................................................................... 3
II--Nature of X-Ray Diffraction Results ..................................................................... 3
Ill--Observed Oxides Formed in Cyclic Oxidation of Fe-, Ni-, and Co-Base Alloys
at High Temperatures as Determined by X-Ray Diffraction ............................................ 4
IV--Induction-Melted Cast Test Specimen Types .......................................................... 5
Cyclic Oxidation Data
B-1900 .............................................................................................................. 6
B-1900 + Hf ....................................................................................................... 55
IN-100 .............................................................................................................. 58
IN-713C ............................................................................................................ 72
IN-738 .............................................................................................................. 75
IN-792 + Hf ....................................................................................................... 80
IN-939 .............................................................................................................. 87
MAR-M-200 ...................................................................................................... 89
MAR-M-200 + Hf ............................................................................................... 92
MAR-M-211 ...................................................................................................... 98
MAR-M-246 ...................................................................................................... 100
MAR-M-421 ...................................................................................................... 102
NASA-TRW-V1-A .............................................................................................. 104
NX-188 ............................................................................................................. 121
Rene" 80 ............................................................................................................. 124
Rene" 120 ........................................................................................................... 127
Rene" 125 ........................................................................................................... 130
TAZ-8A ........................................................................................................... 132
TRW-R ............................................................................................................ 142
U-700 .............................................................................................................. 144
U-710 .............................................................................................................. 153
WAZ-20 ........................................................................................................... 155
MAR-M-509 ..................................................................................................... 157
WI-52 .............................................................................................................. 162
X-40 ................................................................................................................ 175
o.°
I11

Summary
To make the large body of cyclic oxidation data collected
at NASA Lewis Research Center widely available, Lewis is
publishing a series of cyclic oxidation handbooks. This first
part in that series contains specific-weight-change-versus-time
data and x-ray diffraction results derived from high-
temperature cyclic tests on high-temperature, high-strength
nickel-base 3"/3" and cobalt-base turbine alloys. Each page
of data summarizes a complete test on a given alloy sample.
Part 2 of the series, which contains data for the remainder
of the high-temperature, high-strength nickel-base 3'/3'' and
cobalt-base turbine alloys tested at Lewis, is available as NASA
Technical Memorandum 101468.
Introduction
High-temperature oxidation literature is concerned mainly
with isothermal testing. This has led to a large body of oxide
growth and transport property data. However, most
applications for high-temperature materials are cyclic. During
cyclic oxidation the degree of spalling is as important in
estimating total metal loss as the growth rate of the oxide is
in determining metal consumption (ref. 1). Oxidation studies
at Lewis Research Center have focused on cyclic testing, both
furnace and burner rig. The goal of these studies is to evaluate
the mechanisms of material degradation in order to formulate
cyclic oxidation models for predicting life (ref. 1).
As these studies proceeded, standard testing methods were
developed (refs. 1 to 6) and a large body of cyclic oxidation
data was collected. Some of these data have been reported as
the results of specific investigations, but most have never found
their way into print. To make these data useful to as many
interested members of the oxidation research community as
possible, NASA Lewis is publishing a series of cyclic oxidation
handbooks. This first volume contains specific-weight-change-
versus-time data and available x-ray diffraction results derived
from high-temperature cyclic tests on high-temperature, high-
strength nickel-base 3'/3" and cobalt-base turbine alloys. Table
I lists these alloys in the order in which the data are presented.
The alloy composition is detailed in part 2 of this series (NASA
TM-101468).The details of testing, deriving, and analyzing the
data are discussed in reference 7.
Oxidation Data
The data are presented in the following manner: each page
summarizes a complete test on a given alloy sample. The
heading on each page gives the test conditions and the nature
of the alloy. The number in the upper right corner of the page
completely codes and identifies the test for computer
processing. For example, with 02-04-019-115-1, 02 means
nickel base; 04 means commercial cast 3'/3" alloys; and 019
designates the alloy (in this case TAZ-8A). The last four
numbers (115-1) are unique and refer to the NASA Lewis test
run and test position.
Under the descriptive heading the specific-weight-change-
versus-time data are both plotted and listed. X-ray diffraction
data are listed where available. The results are separated into
surface data and spall data. The phases are given in decreasing
order of intensity. If the matrix can be identified through the
scale, this information is included. If the x-ray results were
obtained after various times, they are listed from the shortest
to the longest test times. Table II lists the sample surface
conditions that might qualify the results. Because a "standard
surface" was analyzed in most cases, there were no
interpretive problems. The spall results also have five qualifiers
(table II). The biggest problem here was in possible cross-
spall--particularly from samples tested in adjacent tubes for
a given run. Some of these problems are discussed in
references 4 and 7.
Three major types of oxide scaling product are formed
during oxidation (table HI). First, there are the various discrete
oxides such as the protective A1203 and Cr203, spall
inhibitors like Y203 and ZrO 2, and minor constituent oxides
including MoO2 and CoWO 4. Second, there is a class of
solid-solution cubic oxides termed spinels. Finally, there is
a rutile/tri-rutile tetragonal oxide consisting of Ti and the
refractory metals Ta, Cb, W, and Mo. The 21 discrete oxides
listed in the first part of table III range from the commonly
found Cr203, NiO, and AI203 to the less common CoMoO4.
The cubic oxides, termed spinels, are listed by their lattice
parameter values in angstroms. Generally, the three lower
values (8.05, 8.10, and 8.15 ,,_) denote aluminate spinels like
NiAI204. Spinels with values ranging from 8.25 to 8.40 ,/_
are usually chromites like NiCr204. Spinels with values close
to 8.50 A are usually spinels with high manganese content.
A third type of oxide has a tetragonal structure containing
titanium or refractory metals and is classed as rutile/tri-rutile.
This general category of oxides includes tapiolite (ref. 3) with
a general composition of Ni, Fe, Co(Nb, Ta, Mo, W)O2;
ruffles such as TiO2, TaO2, AITaO4, CrTaO4, and CrNbO4;
and tri-rutiles with a general composition of Ni, Co, Fe(Ta,
NB)O4. These subcategories are difficult to distinguish,
especially in small amounts, and here they are differentiated
by the lattice spacing (i.e., d-value of the (110) plane). In
addition, there may be occasional diffraction lines that cannot
be associated with one of these three phases. The d-values of
up to four diffraction lines can be listed in order of decreasing
intensity.
The test data are presented in alloy alphabetical order, first
for the nickel-base and then for the cobalt-base systems. The
individual alloy data are shown from high to low temperatures
and from short to long cycle times (i.e., assumed decreasing
order of test severity) and the sequence from lowest to highest
numbered runs.
Comments on the Data
The induction-melted cast test specimens were of several
different types. They are classified as shown in table IV.
The following tests might be possible outliers since the
results appeared anomalous when compared with other results
for the same alloy. However, they were included because no
reason could be found to reject them.
(1) Run 336-4 on page 49 for B-1900 at 1100 *C
(2) Run 324-4 on page 99 for MAR-M-211 at 1100 *C
(3) Run 078-3 on page 105 for NASA-TRW-VI-A at
1 150 °C
The TAZ-8A alloy results fall into two groupings. The first
grouping represents experimental heats, whereas the data on
pages 136 and 140 were for samples from a remelted
commercial ingot.
The variability in the IN-100 alloy results has been discussed
previously in reference 6.
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TABLE I.--TEST ALLOYS
Code I Alloy
Nickel-base, cast -_/_'
02-04-01
02
40
10
39
42
41
03
04
05
06
07
31
08
B-1900
B-1900+ Hf
DS IN-100
DS MAR-M-200 + Hf
DS NX-188
DS TAZ-SA
DS WAZ-20
IN-100
IN-713C
IN-738
IN-792
IN-792 + Hf
IN-939
MAR-M-200
09 MAR-M-200 + Hf
11 MAR-M-211
12 MAR-M-246
26 MAR-M-247
13 MAR-M-421
21 NASA-TRW-VI-A
27 NX-188
15 Ren_ 77
25 Ren_ 80
16 Ren_ 120
17 Ren_ 125
19 TAZ-8A
20 TRW-1910
32 TRW-R
43 U-700
24 WAZ-20
Code ] Alloy
Nickel-base, hot-worked "_/'_'
02-13-01
02
03
04
05
06
07
08
09
10
38
I1
12
13
Alloy 625
Alloy 718
Astroloy
Nimonic I 15
R-235
Ren_ 41
Ren_ 77
U-500
U-520
U -700
U-700(PM/H IP)
U-710
U-720
Waspaloy
Cobalt-base, cast (turbine) alloys
03-02-03 MAR-M-509
02 WI-52
01 X-40
TABLE II.--NATURE OF X-RAY
DIFFRACTION RESULTS
Specimen surface Scale spall
Standard normal surface
Surface distorted
Sample consumed
Sample lost in furnace
Surface growth
Selected areas
Poor surface (round and flexed)
Scraped
Second surface phase
Collected spall
Probable cross-spall
No spall observed
Spall lost
No spall available
TABLE III,--OBSERVED OXIDES FORMED IN CYCLIC OXIDATION OF Fe-
Ni-, AND Co-BASE ALLOYS AT HIGH TEMPERATURES AS
DETERMINED BY X-RAY DIFFRACTION
Type Composition
Oxide Cr203
A1203
Fe203
NiO
CoO
(Ni,Co)O
Y203
ZrO2
SiO2
ThO2
HfO 2
Mn203
MoO2
Ni(W, Mo)O4
Ni(W, Mo)O 4
CoMoO 4
CoMoO 4
CoWO4
3Y203-5A1203
3Y203-5A1203
(Ni, Co, Fe)TiO3
Cr0.12T0.;'8OI 74
AI2TiO5
Al(Ta, Cb)O 4
(Ni, Co)TiO 3
Comments
Protective
Protective
Nonprotective
f
Spall inhibitor
Spall inhibitor I
Spall inhibitor Protective
Spall inhibitor I
Spall inhibitor
................................................
................................................
JCPDS-15-755 or 16-291
JCPDS-I 8-879
JCPDS-25-1434
JCPDS-21-868
JCPDS- 15-867
JCPDS-8-178
JCPDS-9-310
JCPDS-17-617 or 15-866 or 29-733
................................................
................................................
................................................
JCPDS 17-617, 15-866
Oxide spinels
Rutile/tri-rutile
MeM204 (cubic)denoted by
lattice parameter, ao:
8.05, 8.10, 8.15 A--Aluminate
spinels
8.20 to 8.40 A--Chromite
spinels
8.45 to 8.50 AManganate
spinels
Tetragonal denoted by lattice
spacing, d, on (110):
3.25 to 3.27 A--TiO2
3.27 to 3.34 ,k.--Cr (refractory
metal)O4
3.34 to 3.36 A--Ni, Fe, Co
(refractory metal)206 or TaO2
Where Me is Fe, Ni, or Co and
M is Fe, Cr, Al, or Mn
Where refractory metal is Ta,
Cb, W, Mo
TABLE IV.--INDUCTION-MELTED CAST TEST SPECIMEN TYPES
Specimen type Run-position number Specimen type Run-position number
Master ingot recast as 4- by I-
by 0.25-in.-thick bars, heat
treated and sectioned into four
1- by I- by 0.25-in.-thick
samples with a O. 125-in.-diam
hanger hole, with all sides
ground to remove 0.01 in., all
sides glass bead blasted
Master ingot recast
standard Mach 0.3
burner rig bar with
shank 2-in.-long
teardrop cross
section, 0.5 in.
across
2-in.-Iong
cross
section
removed
from shank
with O. 125-
in.-diam
hanger hole
2-in.-long
section, cut
into O. 125-
in.-thick
samples
with 0.125-
in.-diam
hanger hole
Master ingot heat-cast into small
ingots and machined into samples
0.4 to 0.5 by 0.9 in. long with
O. 125-in.-diam hanger hole,
ground to 0.090-in. thickness
001-1 to 001-6
002-1 to 002-6
003-1 to 003-6
004-1 to 004-6
005-1 to 005-6
006-I to 006-6
007-I to 007-6
008-I to 008-6
009-1 to 009-6
010-1 to 010-6
041-1 to 041--4
078- l, 078-2
078-3,078-6
130-4, 130-5
221-5
127-1, 127-2
095- I to 095-6
096-1 to 096-6
098-1 to 098-6
104-1, 104-2
120-1, 120-2
127-5, 127-6
128-1 to 128-6
131-4, 131-5
140-4, 140-5
146-3, 146-5
151-1, 151-2
041-6
Master ingot recast as
1- by 2- by 0.100-in.-
thick leafs cut to 0.4
to 0.5 by 0.9 in. long
with O. 125-in.-diam
hanger hole
108-3 to !08-6
232-3, 232-6
As-cast
thickness
Ground to
O.090-in.
thickness
Ground to
0.045-in.
thickness
Master ingot recast as 2-in.-long
by 0.240-in.-diam. tensile
samples, heat treated, with
0.125-in.-diam hanger hole
99-1, 99-2
101-3 to 101-6
102-1 to 102-6
105-1 to 105-6
107-4, 107-5
i15-3, 115-6
127-3, 127-4
139-1 to 139-6
190-6
204-5
221-1
123-1, 123-2, 123-5
129-3, 129-4, 129-6
130-3, 130-6
186-6
190-4, 190-5
204-3, 204-4
225-1 to 225-6
231-5
238-5
276-1
310-1 to310-5
321-1 to321-6
322-1 to 322-4
323-2 to 323-5
324-1 to 324-6
325-1 to 325-4
326-2to326-5
327-1, 327-3
328-1, 328-3
336--4, 336-5
337-4, 337-5
123-3, 123-4, 123-6
129-1, 129-2, 129-5
130-1, 130-2
103-1 to 103-7
N] BASE 02-04-00_-041-I
B-1900 t00.00hr TEST 6.500mm THICK STATIC AIR
-0.0
u -I .0
c_
EI
z
u
__ -2.0
-].0
10
COIIMERCIAL CAST GAHMAIGAMHA PRIME ALLDfS
ttSO°C t.OOhr CYCLES
SPECIFIC NEIGHT CHANGE DATA
I I i I I I I I
20 ]0 40 50 60 70 80 90 I00
TIME.hr
TIME,hr
0.00
44.00
28.00
42.00
56.00
70.00
86.00
I00.00
-0.20
-0.63
-I .18
-t .50
-I .87
-2.47
-2.87
Ni BASE COHMERCIAL CAST GAMMA/GAMMA PRIHE ALLOYS
B-1900 I150°C 1.00hr CYCLES 100.00hr lEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, oo:B.IOA. NiO
SPINEL, aQ=B.2OA.
UNKNOWN LINES, d VALUES Cr20 ]
2.57A.
3.29A. UNKNDNN LINES, d VALUES
].S2A. 3.26A.
02-04-001-041-1
6.500mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-001-07B-2
B-1900 I.OOhr CYCLES I00.00hr TEST 6.4_0mm THICK STATIC AIR
-0.0
-5.(
%
E
z
u -10.(
-15.0
-20.0
IISO°C
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I I I I i i '
I0 20 30 40 50 60 70 BO 90 ]00
TIliE,hr
TIME,hr AW/A,mB/cm2
0.00 0.00
I0,00 -1.82
25.00 -3.43
40.00 -5.45
55.00 -8.00
70.00 -I].54
85.00 -15.60
I00.00 -19.59
Ni BASE COMrlERCIAL CAST GAMMA/GAMMA PR[ME ALLOYS
B-1900 }ISO'C I.OOhr CYCLES ]OO.OOhr TEST
X RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRI(RUTILE).d(IlO)_3,3OA. NIO
SPINEL, aO=8.1OA. TRI(RUTILE).d(IIO)(3.3OA.
NiO TRI(RUTILE),d(IIO)_3.3OA.
Pl2O 3 AI203
FACE CENTERED CUBIC MATRIX
02-04-001-0/8-2
6.,180mm THICK STATIC AIR
Ni BASE
B-1900
-0.0 !
%
u
-2.s
V_
c_
-S.O
COMMERCIAL CAST GAtI_IA/GAMMA PRIME ALLOYS
1150"C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I I
10 20 30 40 SO 60 70 80 90 100
I II'IE,hr
lO0.OOhr TEST ].218m® THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60_00
75.00
90.00
I00.00
02-04-001 095 1
STAIIC AIR
&WIA,mglcm2
0.00
0.39
-1.21
-I.99
-2.53
-3.35
-4_20
-4.81
-5.56
Ni BASE COMMERCIAL CASI 6A#IMA/GAMMA PRIME ALLOYS
B-1900 IISO°C l.OOhr CYCLES 100.OOhr IFSI
X RAY OIFFRACIIDN DATA
SURFACE SPALL
I00 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:8.15A. NiO
NiO SPINEL, BO=8.25A.
SPINEL, ao-8.1SA.
FACE CENTERED CUBIC MATRIX
02 04 001 095-I
3.218mm YHICK STATIC AIR
tdi BASE
B1900
-0.0
i
u_
-2 ._
S.O
I
lO
COMMERCIAL CAST GAMIiA/GAMHA PRIME ALLOTS
1150°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
o
0
0
0
0
I I I I I I I I
20 ]0 40 50 60 70 80 90 100
TIHE.hr
lO0.OOhr TEST 3.253mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-001-09S-2
STATIC AIR
AH/A,mg/cm2
0.00
0.21
-1.17
-1.73
-2.SI
-3.39
-3.99
-4.49
-S.OS
Ni BASE
B-1900
-0.0
u
z -11
H
-2.(
COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
i I I [ I I I I
10 20 30 40 50 60 70 BO
TIME,hr
llSO'C l.OOhr CYCLES 100.OOhr TEST
SPECIFIC gEIGHT CHANGE DATA
0
I
90 100
02-04-001-101-3
2.732mm THICK STATIC AIR
T[ME,hr
0.00
1.00
15.00
30.00
45.00
60.00
7S.00
90.00
100.00
AHIA,mg/cm2
0.00
0.29
0.09
-0.29
-0.93
-1.39
-1.92
-2.37
-2.62
I0
N] BASE 02-04-001-101-6
B-1900 lO0.OOhr TEST 2.738mm THICK STATIC AIR
0.0
%
o 1.0
-2.o
(J
Q_
-3.0
-4.0 I
10
COHtlERCIAL CAST GAMMA/GAMMA PRINE ALLOYS
1150"C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
I I I I I I I" I
20 30 40 SO 60 70 80 90
TlrlE,hr
lO0
TI_E,hr
0.00
1.00
I5.00
30.00
4S.00
60.00
75.00
90.00
100.00
_WIA,mg/cm2
0.00
0.35
-1.03
-I .65
-2.20
-2.69
-].I]
-3,62
-3.97
Ni BASE
B t900
SU_FACE
]00 hr
STANDARD SURFACE
NIO
AI'O 3
TRICRUTILE),d(IIO)_3.3OA.
SPINEl., aO 8.IOA.
COHrlERCIAI CAST GAMIIA/GA_IMA PRIME ALLOYS
IISO°C I.OOhr C_CLES lO0.OOhr TEST 2.738mm TH(CK
X RAY DIFFRACTION DATA
SPALL
lO0 hr
COLLECTED SPALL
Cr2O3
SPINEL. ao-B.35A.
02-04-001-I01-6
STATIC AER
FACE CENTERED CUBIC MATRIX
]I
Ni BASE COIIMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900
-0.0
L_
-2.s
u
u.
o_
u_ -5.0
I
IO
0
02-04-001-I07-4
I150"C 1.00hr CYCLES 100,OOhr TEST 2.741mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME,hr AW/A,m9/cm2
0.00 0.00
1.00 0.42
15.00 -1,45
30.00 -2.06
45.00 -2.77
60,00 -3,67
75.00 -4.73
90.00 -5.80
100.00 -6.80
I I I I I I I
20 30 40 SO 60 70 80
TlME,hr
0
[ (
90 100
12
-0.0
"_ -2.5
u
z
<_ -S .0
-7.5
CDHMERCIAL CAST GAMMA GAMMA PRIME ALL01S
tlSO'C l.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
o
I I I I I I I I i ,
10 20 30 40 50 60 70 O0 90 I00
TIME.hr
100.00hr TEST 2.?10n THICK
TIME,hr
0.00
1.00
IS.00
30.00
45.00
60.00
75.00
90.00
I00.00
02-04-001-107-5
STATIC AIR
+WIA,eg/cm2
0.00
0.47
-0.79
-1.9_
-3.06
-4.43
-6.03
-8.00
-9.45
Ni BASE
B-1900
SURFACE
tO0 hr
STANDARD SURFACE
TRI(RUTILE),d(110)_3.30A.
AI20 ]
SPINEL, a0:B.1SA.
NiO
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
llS0"C 1.00hr CYCLES 100.00hr TEST
X-RAY DIFFRACTION DATA
SPALL
tO0 hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)_3.3OA.
TRI(RUT[LE),d(IIO)_3.3OA.
SPINEL, ao:8.lOA.
02-04-001-107-5
2.710H THICK STATIC AlE
FACE CENTERED CUBIC MATRIX
13
Ni BASE
8-1900
-0.0
u
-s.c:z
_L
-IO.O
I
I0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
0
0
0
1150"C l.OOhr CYCLES IO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I
20 30 40 50 60 70 80
TIME,hr
0
I
90 lOG
02-04-001-123-1
2.283mm THICK STATIC AIR
TIME,hr
O.O0
1.00
15.00
30.00
45.00
60.00
75.00
90.00
IO0.O0
AW/A,mg/cm2
0.00
0.11
-I.17
-2.18
-3.34
-4.78
-6.48
-9.15
-12.11
14
Ni BASE
O-1900
0.0
u
3z
c,
-I0.
Li
IS.O
COMIIERCIAII CAST GAMMA/GAMMA PRIME ALLOYS
11S0°C 1.00hr CYCLES
SPECIFIC NEIGHT CHANGE DATA
0
0
0
I I I I
10 20 30 '10
I
.5O
TIME ,hr
I I I I
60 70 80 90 100
lO0.OOhr TEST 2.285mm THICK
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04 001-123-2
STATIC AIR
_N/A.mglcm 2
0.00
0.07
-1.59
-2.73
-3.98
-5.63
-7.80
-II.59
-15.16
15
Ni BASE 02-04-001 123-4
B-t900 10G.00hr TEST 1.142mm THICK STATIC AIR
CDIIIIERCIAL CAST GAIIMA/GA_XiA PRI_E ALLOYS
IISO°C À,QOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I
0 I0 20 ]0 40 S0 60 70 80
TI_E,hr
I
90 I00
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
_W/A,mg/cm2
0.00
=0.02
-0.72
-0.87
-1.20
-1.67
-2.41
3.40
-4.3S
Ni I]ASE
B-1900
SURFACE
I00 hr
STANDARD SURFACE
SPINEL, ao=8.lOA.
A1203
TRI(RUTILE),d(IlO)_3.3OA.
SPINEL, BO=8.25A.
FACE CENTCRED CUBIC MATRIX
CO;iNERCIAL CAST GAMMA_GAMMA PRIME ALLOYS
II50°C l.OOhr CYCLES lO0.OOhr TEST
k RAY DIFFRACIION DATA
SPALL
I00 hr
NO SIGNIFICANT SPALL 8BSERVED
02-04 001 123 4
1.142mm THICK STATIC AIR
16
Ni BASE
B 1900
-0.
E
z
&
-I0.0
N ; BASF
B 1900
[
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150°C I.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I
20 30 40 SO 60 70 80 90 100
TlNl-,hr
SURFACE
100 hr
SIANDARD SURFACE
SPINEt, a0 B.IOA.
A1203
TRI(RUTILE),d_110_<3,30A.
NiO
SPINEL, ao:8.2SA.
Cr203
I AC[: CEIdTLI_FD CUBIC MATRIX
100.OOhr TEST 2.288mm THICK
flME,hr
0.00
1.00
15.00
30.00
45.00
60,00
75.00
90.00
100.00
corIIIERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1]50°C l.OOhr CYCLES lO0.OOhr TEST
X RAY DIFFRACTION DATA
SPALL
I00 hr
CDLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)_3.3OA.
SPINFL, aO:B.3OA.
SPINEL, aO:8.0SA.
2.288mm TtlICK
02-04-001-123-5
STATIC AIR
AWIA,mg/cm2
0.00
0.23
1.43
-2.22
-3.14
-4.24
S,O2
-8.02
10+10
02-04 001-123 5
STATIC AIR
17
Ni BASE
B-1900
-0.0
u
_,, -2.s
z
o -5.0
a_
c_
-7.5
I
l0
COI-IflERC1AL CAST GAHMA/GAMMA PRIME ALLOYS
O
O
I150"C 1.00hr CYCLES 100.00hr TEST
SPECIFIC NEIGHT CHANGE DATA
O
I I I I I I I I
20 90 40 50 60 70 80 90
T[ME,hr
i
00
02-04-001-t23-6
1.141mm THICK STATIC AIR
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90,00
lO0.O0
AN/A,m9/C®2
0.00
0,22
-0,60
-I.00
-1.67
-2.64
-3.B6
-5.87
-7.93
18
Ni BASE
B-1900
-0.0
u
o_
• -2.5
w
z
_ -5.11
w
-7 5
COHMERCiAL CAST GAMHA/GA,HA PRIHE ALLOTS
II50"C 1.00hr :TCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
t I I I I I I I
10 20 30 40 50 60 70 80
TIPIE.hr
1
90 O0
IO0.OOhr TEST 3.302mm THICK
T|HE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-001-128-1
STATIC AIR
&W/A.mg/cl 2
0.00
0.21
-1.58
-2.77
-3.61
-4.39
-5.40
-6.55
-7.08
19
Ni 6ASE
D-1900
-0.0
%
u
z
mc
-2.s
_J
cL
-5.0
I
10
COHHERC|AL CAST GAHHA/GAHHA PRIME kLLOT$
0
02-04o001-S20-_
1150'C 1.00hr CYCLES 100.00hr TEST 3.302mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
0
0
I
90 10
I I 1 I I I I
20 30 40 .50 60 70 80
T]HE.hr
TlME,hr _H/A,mg/co2
0.00 0.00
1.00 0.04
15.00 -1.05
30.00 -I.76
45.00 -2.74
60.00 -3.55
75.00 -4.32
90.00 -5.38
100.00 -5.62
2O
Ni BASE
0-1900
-0.
iJ
¢J
c_
a.
-S
-I0.0
I
10
COHMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
tlS0"C 1.00hr CYCLES
SPEC[K[C NEIGHT CHANGE DATA
O
I I I I I I I
20 30 40 SO 60 70 00
TIHE,hr
I
90 O0
100.00hr TEST 1.140mm THICK
T[HE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-001-130-1
STATIC AIR
&g/A,mg/cm2
0.00
0.16
-0.02
-1.46
-2.52
-3.67
-5.20
-0.22
-11.14
21
Ni BASE COaiMERC[AL CAST GAMNA/GAM;iA PRIHI Z ALLOYS
13-1900
0.0
c,+
E
u
-I0.0
H
EL
_._ -20 .0
O-
C_
30.0
0
0
I I I ) I t ] I I
I0 20 30 40 SO 60 70 80 90 100
T filE.Mr
02-04-001-130-2
IISO°C 1.00hr CYCLES lO0.OOhr TEST 1.140mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
TIME.hr AHIA,mg/cm2
0.00 0.00
1.00 0.30
iS.00 -t.4S
30.00 2.86
45.00 4.90
60.00 -B.83
75.00 -_S.40
90.00 23.01
100.00 -28.76
Ni BASE
0-1900
SURFACE
100 hr
STANDARD SURFACE
SPINEL, aO:8.lOA.
SPINEL, ao:B.25A.
NiO
TRI_RUTILE),d(IIO){3.3OA.
FACE CENTERED CUBIC MATRIk
COI'IMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
I150°C l.OOhr CYCLES lO0.OOhr TEST 1.140mm THICK
k-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)_3.3OA.
SPINEL, ao=B.OSA.
SPINEl., aO=8.2SA.
ZrO 2
02-04-001-130-2
STATIC AIR
22
Ni BASE
B 1900
-0.0
E -5.0
u
-_o.o
a_
u_
-15 .Z
CBIIPtERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
llS0"C 1.00hr CYCLES
SPECIFIC UEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I I
tO 20 ]0 40 SO 60 70 00 O0 I00
TIME.hr
lO0.OOhr TEST 2.2BSmm THICK
flME,hr
0.00
t.O0
15.00
30.00
45.00
60.00
/5.00
90.00
100.00
02-04-001-130-3
STATIC AIR
 "'A671;c'2
0.2t
-1.25
-2.34
-3.76
-5.48
-7.76
-11.14
-14.43
23
0.0
LJ
2._
¢J
h_
¢n
5.0
(;OliH[:I_CIAI CAS[ GAIIrIA/GAIIMA PRIME ALLOYS
0
I I
10 20
1150°C 1.00hr CfCLt_S tOO.OOhr TCSI
SPCCIFIC NI-IGHT CttANGI_ DATA
0
I I I I
30 40 SO 60
[lrlE.hr
I I I
7O 80 90 100
02-04-00l 130 4
5.505mm THIEK STATIC AIR
TIME.hr
0.00
1.00
IS.O0
30.00
45.00
60.00
75.00
90.00
I00.00
&N/A,mg/cm2
0.00
0.31
-0.52
-1.10
-I.gB
2.94
-3.91
-4.93
5.66
24
Ni BASE
B-1900
-0.0
%
i=
z
L, 2._
cl.
u-J
S.(
NI BASE
B 1900
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IISO°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I I
10 20 30 40 SO 60 70 80
TIME,hr
SURFACE
100 hr
STANDARD SURFACE
SPINEL, ao:8.tOA.
TRI(RUTILE),d(IIO)_3.3OA.
NIO
FACE CENTERED CUBIC HATRIX
I
90 O0
100.OOhr TEST 6.Sllmm THICK
flME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
lO0.O0
COMMERCIAL CAST GAM_IA/GAMFIA PRIME Ai.LOYS
IISO°C l.OOhr CYCLES lO0.OOhr TEST
k RAY DIFFRACTIDN DATA
SPALL
100 hr
COLLECTED SPALL
SPINEL, a o 8.05A.
NiO
SPINEL, ao-B.25A.
TRI(RUTILE),O(IIO)_].3OA.
02-04 001-130-5
STATIC AIR
AWIA,mglcm2
0.00
0.27
-0.85
-1.41
-2.16
-2.99
-3.88
-4.74
5.42
02_04-00! 130-5
6.511mm THICK STATIC AIR
25
Ni BASE
B-1900
-0.0
L_
E
s.oJ:
o_
-I0.0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IIS0°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
I I I I I I I l I
IO 20 30 ,I0 SO 60 70 80 90
TlME.hr
I00
lO0.OOhr TEST 2.290mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
02 04 001 130-6
STATIC AIR
AWIA,mg/cm 2
0.00
0.31
-1.48
-2.55
3.70
5.17
6.75
?.SO
II.99
Ni BASE
B-1900
SURFACE
i00 hr
STANDARD SURFACE
SPINEL. ao:B.lOA.
TRI(RUTILE),d(llO)S3.30A.
NiO
SPINEL, ao:B.25A.
COMtlERCIAL CAST OAHMA/GAMMA PRIME ALLOYS
1150°C l.OOhr CYCLES lO0.OOhr TEST
k RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiO
SPINEL, a o 8.25A.
TRI(RUTILE),d(IIO)S3.3OA.
SPINEL. ao:B.OSA.
FACE CCNTERED CUBIC MATRIX
02 04-001 130 6
2.290mm THICK STATIC AIR
26
Ni BASE
B-1900
-0.0
-1 .0
u
.]z
u -2.0
c_
-3.o
4.0
COMMERCIAL CAST GAMNAIGAMMA PRIME ALLOYS
I150°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
I I I I
10
0
0
0
0
20 30 40
I I .
50 60
TltlE,hr
I I
70 80
0
(
I
90 I00
lO0.OOhr TEST 3.251mm tHICK
TIME,hr
0.00
1.00
!5.00
30.00
45.00
60.00
75.00
90.00
I00.00
02-04-001-146-5
STATIC AIR
AglA,mg/cm 2
0.00
0.46
-I.06
-1.84
-2.30
-2.69
-3.15
-4.00
-4.25
27
-0.0
-5.0
Ni BASE
O-1900
COMMERCIAL CAST GAHHA/GAHHA PRIME ALLOYS
IISO'C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
I I I I I I I I I
I0 20 30 40 SO 60 70 80 90
TIME,hr
COMMERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
llSO'C l.OOhr CYCLES
SURFACE
IO0 hr
STANDARD SURFACE
AI20 _
SPINEL. ao:S.tSA.
FACE CENTERED CUBIC MATRIX
IO0.OOhr TEST 2.32tu THICK
02-04-00t-204-4
STATIC AIR
TIHE.hro.o0 AW/A6m_oCm2.
t.O0 0.20
;S.O0 -2.S9
30.00 -).7S
45.00 -4.21
60.00 -4.64
7S.00 -5.1S
90.00 -5.76
100.00 -6.13
100
02-04-001-204-4
lOO.OOhr TEST 2.321mm THICK STATIC AIR
X-RAY DIFFRACTION DATA
SPALL
lO0 hr
COLLECTED SPALL
NiO
TRI(RUTILE).d(IIO)>3.3OA.
SPINEL. ao:8.2OA.
28
Ni BASE
B-1900
-0.0
(J
ig
-2.5
-.. I
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150"C I.OOhr CYCLES
SPECIFIC _EIGHT CHANGE DATA
0 0
0
0
0
(
I I I i I I I I
20 3n 40 50 60 70 80 90 100
TII1E,hr
100.00hr TEST 2.700mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-001-221-!
STAT[C AIR
AW/A,m9/cm2
0.00
0.41
-1.24
-1.24
-2.65
-3.19
-3.87
-4.38
-4.75
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
_-1900 IISO'C I.OOhr CYCLES lO0.OOhr TEST 2.700mm THICK
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.lOA. TRI(RUTILE),d(IIO)_3.30A.
AI2D _ NiO
TRI(RUTILE),d(I10)_3.30A. SPINEL, ao:O.OSA.
SPINEL, ao:B.25A.
FACE CENTERED CUBIC MATRIX A/203
UNKNDHN LINES. d VALUES
2.64A.
3.60A.
4.3BA.
S.09A.
02-04-001-221-1
STATIC AIR
29
N; BASE CBIIIICRCIAL CAST GAMHAIGAMMA PRIME ALLOYS
8-1900
-0.0
c_
E -2.5
i
u
%
-s.o
cn
-7._
02-04-001-221-5
It50°C l.OOhr CYCLES tOO.OOhc TEST 6.353mm THICK +O.S[. STAT[C AIR
SPECIFIC WEIGHT CHANGE DATA
0
0
0
I
90 100
I I I .! I I I I
I0 20 30 ,IO 50 60 70 00
TIME.hr
TIHE.hr AN/A.mg/cm2
0.00 0.00
1.00 0.26
15.00 -1.44
30.00 -2.63
45.00 -3.70
60.00 -4.69
75.00 -5.72
90.00 -6.63
100.00 -7.31
Ni BASE COIiMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 IISO°C 1.00hr CYCLES 100.OOhr TEST
X RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao=8.2OA. NiO
AI203 SPINEL, ao:B.2SA.
TRI(RUTILE),d(IIO)(3 30A. SPINEL, ao:B.1OA.
TRI(RUTILE).d(IIO)>3,3OA.
FACE CENTERED CUBIC MATRIX TRI(RUTILE).d(IIOI(3.3OA.
UNKNOWN LINES, d VALUES
S.05A.
265A.
439A.
02-04-001-221-5
6.353mm THICK .O.SI. STATIC AIR
30
Ni BASE COH_ERCZAL CAST GA_t'IA/GAHHA PRIME ALLOYS
B-1900
-0.0
u
_' -i.0
_2.0
EL
-3.0
O
O
O
O
O
(
I I I [ I I [ I I
I0 20 30 40 S0 60 70 00 90 100
TIME.hr
02-04-001-328-I
I150*C 1.00hr CYCLES 100.00hr TEST 2.318mm THICK STATIC AIR(SMP)
SPECIFIC _EIGHT CHANGE DATA
TIME,hr Ag/A,mg/cm2
0.00 0.00
1.00 0.35
15.00 -0.74
30.00 -1.34
45.00 -[.75
60.00 -2.15
75.00 -2.49
90.00 -2.98
100.00 -3.27
Ni BASE COMMERCIAL CAST GAMMAIGA}iMA PRI_{E ALLOYS 02-04-001-328-I
B-1900 IISO'C l.OOhr CYCLES 100.OOhr TEST 2.310mm THICK STATIC A[R(SMP)
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr tO0 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL, ao:B.lOA. N_D
AI2O 3 SPINEL, ao:B.3OA.
TRI_RUTILE),d(IIO)_3.30A. Cr203
SPINEL, ao:B.25A. CoO
TRI(RUTILE).d({IO)(3.3OA.
FACE CENTERED CUBIC NATRIX
31
Ni BASE
D-1900
-0.0
u
o)
k$
-2 .S
,H
-5.0
Ni BASE
D-1900
SURFACE
100 hr
STANDARD SURFACE
SPINEL, ao:O.lOA.
AI_O_
SPINEL, ao:8.25A.
TRI(RUTILE).d(110)_3.30A.
FACE CENTERED CUBIC MATRIX
COHMERCIAL CAST GAMMA/GAMHA PRIME ALLOYS
1150"C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
I I I I I I I I I
I0 20 30 40 50 60 70 80 90 I00
TIHE,hr
COHMERCIAL CAST GAMMA/GAMMA PRIHE ALLOTS
llSO*C 1.00hr CYCLES
X-RAY DIFFRACTION OATA
SPALL
tO0 hr
COLLECTED SPALL
HiD
SPINEL, ao:8.25A.
SPINEL, aO:8.05A.
TRI(RUTILE).d(110)>3.30A.
TRI(RUTILE),d(IIO)(3.30A.
Cr2O3
AI203
2.334n THICK
02-04-001-321-2
STATIC AIR
TlME,hro.o0 aX/A_m_cl2
1.0e 0.38
15.00 -0.92
30.00 -1.98
45.00 -2.96
60.00 -3.69
75.00 -4.42
90.00 -5.02
100.00 -5.50
02-04-001-32[-2
100.OOhr TEST 2.334mm THICK STATIC AIR
32
aI BASE
0-1900
*0.0
u
• -I .O
Z
-2.o
-3.0
COflHEBCIAL CAST GAflHA/GAHHA PRIHE ALLOYS
IISO'C I.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I I,, I I 1 1 <
10 20 30 40 SO 60 70 80 90 I00
TIME,Nr
lO0.OOhr TEST 2.3180a THIC_
TINE,hr
0.00
1.00
IS.NO
30.00
45.00
60.00
7S.00
90.00
I#B.#l
02-04-001-32#-I
STATIC AIR
AH/A.eO/Cm 2
O.lO
0.35
-0,74
-i.34
-1.?S
-2.1S
-2.49
-2.98
Ni BASE
B-1900
SURFACE
100 kr
STANDARD SURFACE
SPINEL. me:O.lOA.
At20 )
TRI(RUTIL(),d(IlII_).$OA.
SPINEL. oesB.2SA.
FACE CENTERED CUBIC HATBIX
CDHfl(RCtAL CAST GAHHAIGAflnA PRlflE ALLOYS
IISO*C 1.00hr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
PROBABLE CROSS-SPALL
RiO
SPINEL. iI:O.30A.
TRiI.UTILE O*,,,*...
02-04-001-320-1
2.310em THICK STATIC AIR
33
Ni BASE
B-1900
-0.0
-I .0
u
z
-2.0
-3o
-4.0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
II50°C l.OOhr CTCLES
SPECIFIC HEIGHT CHANGE DATA
0
] t I ] I I I I I
10 20 30 40 50 60 70 80 98 100
TIME.hr
lO0.OOhr TEST 2.318uu THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
98.60
100.00
02-04-001-337-4
STATIC AIR
AMIA,mglcn 2
0.00
0.10
-0.79
-I.21
-I.57
-2.02
-2.78
-3.47
-4.11
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1150"C 1.OOhr CYCLES |O0.OOhr TEST
X-RAT DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. IO=B.IOA. NiO
AI203 SPINEL, aO:8.3OA.
TRI{RUTILE).d(IlO)_3.3OA. TRI(RUTILE).dCIIO)[_.3OA.
SPINEL. e0:8.25A. SPINEL, IO:8.1OA.
Ni(H,HO)D 4 TYPE !
FACE CENTERED CUBIC MATRIX Cr20 J
AI203
02-04o001-337-4
2.3iBm* THICK STATIC AIR
34
Ri BASE
B-|900
0.S
-0.0
u
Z
U
-0 .S
cJ
N
L
m -I .0
-t .5]
0
m
8
0
COflflERCIAL CAST GAflHAIGAHNA PRIHE ALLOYS
IIO0"C I.OOhr CYCLES lO0.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
t_
I I I I I I I I I
10 20 30 40 SO rio 70 O0 90 I00
TlflE.kr
0 02-04-001-002-6
Q 02-04-001-002-1
A 02-04-001-002-2
-- 02-04-001-002-3
02-04-001-002-4
02-04-00t-002-S
0 02-04-001-010"2
02-04-001-010-3
6.$008s THICK
TIHE.hr
0.00
0.00
24.00
48.00
72.00
100.00
TlHE.kr
0.00
8.|0
TIHE,hr
0.00
8.00
24.00
TIHE.hr
0.00
O.00
24.00
48.00
TIHE,hr
0.00
O.O0
24.00
46.00
72.00
TIHE.hr
0.00
8.00
24.00
dO.O0
72.00
100.00
TIUE.hr
O,ll
I,II
24.II
4B.00
72.00
I00.00
TIHE.hr
0.00
8.00
24.00
48.00
72.00
100.00
02-04-001-002-6
STATIC AIR(TN D-TIOA)
0.20
O.OS
-0.19
-0.40
-0.64
AMIA,mo/Ci ] 002-1
0.00
0.20
AMIA,HoIco 2 002-2
0.00
0.3S
-0.08
AMIA,noIcI 2 002-)
l.lO
1.44
0.)e
-0.11
AMIA,DBIco 2 002-4
0.00
0.28
0.06
-0.16
-0.37
AMIA,80/Ci2 002-5
0.00
0.38
0.08
-0.14
-0.32
-O.SS
AMIA,I|/Cl3 010-2
O.II
0.2e
-0.|4
-O.S_
-0.09
-1.41
AM/A.IoIco3 010-3
0.00
0.2t
-0.0)
-0.32
-0.SB
-1.11
SURFACE
0 hr
STANDARD SURFACE
AI)O)
TRI(RUTILE),d(IIO)_3.3OA.
FACE CENTERED CUBIC flATRIX
SURFACE
100 br
STANDARD SURFACE
AI203
TR|(RUTILE),d(IIO)£3.3OA.
FACE CENTERED CUBIC NATRIA
X-RAY DIFFRACTION DATA
SPALL
O hr
NO SIGNIFICANT SPALL OBSERVED
X-RAT DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
AI203
NI IN SPALL
SPINEL, NI=O.25A.
102-1
002-6
35
_i BASE
B-1900
-0.0 i
u
z
-5.0
-I0.0
COMMERCIAL CAST GAMMA/GAmMA PRIME ALLOYS
tIO0"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
I I J I I J J
IO0 200 300 400 500 600 700
TImE ,hr
0
0
i I
800 900 1000
lO00.OOhr TEST 6.240nm THICK
TIHE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
200.00
300.00
400.00
SO0.O0
600.00
700.00
eo0.o0
900.00
1000.00
02-04-001-103-3
STATIC AIR
AH/A,aB/cm 2
0.00
0.14
0.20
0.20
0.00
-O.OO
-0.15
-0.23
-0.33
-0.97
-3.00
-4.36
-5.40
-6.86
-0.47
-B.90
-9.76
-10.71
Ni BASE COHHERCIAL CAST GAMmA/GAMMA PRIME ALLOYS
8-1900 1100"C l.OOhr CTCLES lO00.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 hr 500 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
MiD
TRI(RUTILE)._(I10))3.JOA.
SPINEL. oo:B.35A.
TRI(RUTILE).d(I10)_3.)OA.
600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED 5PALL
MiD
TRI(RUTILE).o(IIO)_3.30A.
TR](RUTILEI.d(I10)_3.30A.
SPINEL, ao:B.OSA.
SPINEL. 80:8.30A.
02-04-001-103-3
6.240nu THICK STATIC AIR
36
-0,0J
w
z
-I0.0
+30.0
COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
0
02-04-00|-103-4
I100'C [.OOhr CYCLES IO00.OOhr TEST
SPECIFIC HEIOHT CHANGE DATA
0
0
0
0
0
0
,I _ . I I r ! t I t
100 200 300 400 $00 600 700 800 900
Tlel( ,hr
I000
6.240eQ THICK
TIME,At
0.00
I.|O
15.00
30.10
4S.|0
40.00
75.00
90.00
IO0.O|
200.00
300.00
4QO.O0
SO0,O0
600,00
700.00
O00.OO
900.00
I000.00
STATIC AIR
AMIA.milCm2
0.00
0,14
0,26
0.36
-0,11
-O.Jt
-0.42
-0.57
-0.72
-I.86
-_.93
-S.40
o6.75
-8,73
-I!,07
-13.6T
-16.]6
-19.10
Hi BASE COMMERCIAL CAST GAMmA/GAMMA PRIME ALLOYS
8-1900 IIO0*C |.OOhr CYCLES IO00.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
SO0 hr 500 hr
SURFACE NOt SATISFACTORr-NO XRO COLLECTED SPALL
NiO
TRI(RUTILE).d(i10)_).30A.
TR|(RUTILEJ.d(t10)_J.)OA.
SPINEL, II:O.IOA.
SPINEL. I1:8.25A.
600 hr 600 NT
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO))).)OA,
TRI(RUTILE).d(IIO)£).)§A.
SPINEL, uose.2SA.
SPINEL. II:8.05A.
02-04-00J-103-4
4._404a THICK STATIC AIR
3"7
Ni BASE
B-1900
0.2
"_ 0.0
ca
w
z
c_
-0 .2
c.J
c_
'-' -0 _4
w
o-
-0 .6
COHHERCIAL CAST GAHMA/GAMHA PRIME ALLOTS
1100"C I.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
I i f I I 1 1 J I
IO 20 30 40 SO 60 70 80 90 I00
T]ME.hr
lO0.OOhr TEST 6.240mu THICK
TlHE,hr
0.00
1.00
15.00
30.00
4S.00
60.00
75.00
90.00
100.00
02-o4-001-103-5
STATIC AIR
AH/A,ag/cB 2
0.00
0.14
0.25
0.28
-0.01
-0,21
-0.3J
-O.SO
-0.63
Ni BASE COHHERCIAL CAST GAHMA/GAHHA PRIHE ALLOTS
0-1900 1100"C t,OOhr CYCLES tOO.OOhr TEST
X-RAY _|FFRACTION OATA
SURFACE SPALL
SO0 hr SO0 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
X;O
TRI(RUT]LE},d(1IO)_3.3OA.
UNKNOHN LINES, d VALUES
1.46A.
1.43A.
1.60A.
3.14A.
600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTEO SPALL
NiO
TRItRUTILE),d(|10)>3.3OA.
TRI(RUTILE),diIIO)I3.3OA.
SPJNEL, aO:O.2Sk.
02-04-001-103-5
6.2400e THICK STATIC AIR
3$
N; BASE
B-1900
0.0
%
cs
E
c_1
cJ
-20,C
--0
COIiHERCIAL CAST GAMMA/GAHMA PRIME ALLOYS
1100"C 1.00hr CYCLES
SPEC{F]C WEIGHT CHANGE DATA
I I I I
0 100 200 300 400
I I
SO0 600
TIHE.hr
4
I I I
700 800 900 1000
lO00.OOhr TEST 6.240mm THICK
TIME,hr
0.00
46.00
146.00
246.00
346.00
446.00
546.00
646.00
746.00
1000.00
02-04-001-103-7
STATIC AIR
AN/A,mg/cm2
0.00
0.17
-2.43
-4.28
-5.77
-7.97
-I0.84
-12.74
-15.22
-24.88
39
Ni BASE
B-1900
,-_ -0.0
u
Ii
--_ -0.5
Q.
u_
I
10
COflMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
0
IIO0"C
SPECIFIC HEIGHT CHANGE DATA
0
0
02-04-001-115-3
l.OOhr CYCLES 100.OOhr TEST 2.773m® TH[CK STATIC AIR
0
0
(
I I I I I I I I
20 30 40 SO 60 70 80 90 I00
TIHE,hr
Ni BASE COfI_IERCIAL CAST GAMrlA/GAHHA PRIME ALLOYS
B-1900 IIO0"C l.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. ao:B.1OA. TRI(RUTILE),d(IIO)(3.3OA.
TRI(RUTILE),d(IIO)(3.3OA. NiO
A1203 SPINEL. ao:8.2OA.
SPINEL. ao:8.1OA.
FACE CENTERED CUBIC MATRIX A1203
CF203
TIME,hr AW/A,m9/cm2
0.00 0.00
l.O0 0.32
15.00 -0.03
30.00 -0.42
45.00 -0.51
60.00 -0.SO
75.00 -0.72
90.00 -0.86
100.00 -0.95
02-04-001-I15-3
2.773mm THICK STATIC AIR
40
Ni BASE
B-1900
-0.0
ca
-I .0
u_ -2.0
o.
-3.0
I
10
COHMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IIO0"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I
20 30 40 SO 60 70 80 90
TIME,hr
q
O0
100.00hr TEST 2.910mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-001-115-6
STATIC A]R
0.38
-2.57
-2.69
-2.75
-2.83
-2.92
-3.03
-3.12
41
N; BASE 02-04-001-186-6
B-1900 500.OOhr TEST 2.321mn THICK STATIC AIR
-0.0 i
u
(_)
-2.0
-3.o
Q.
-4.0
000000
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
IIO0"C l,OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
O0
OOco
0
0
I I I I I I I I I
50 ]00 ISO 200 250 300 35_ 400 450 500
TIME .hr
TIME.hr
0.00
1.00
10.00
25.00
40.00
55.00
70.00
85.00
100.00
115.00
130.00
145.00
160.00
175.00
I_0.00
200.00
250.00
300.00
350.00
400.00
450.00
500.00
AM/A.mg/cm2
0,00
0.51
-I.37
-1.71
-I.82
-I.B4
-1.93
-2.00
-2.06
-2.08
-2.19
-2.22
-2.36
-2.43
-2.50
-2.52
-2.91
-3.19
-3.30
-3.42
-3.50
-4.03
Ni BASE
B-1900
SURFACE
700 hr
STANDARD SURFACE
SPINEL. IO:B.IOA,
AI203
TRI(RUTILE).d(IIO)'3.3OA.
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1100"C 1.00hr CYCLES SO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
A[203
NiO
SPINEL, aO:8.35A.
TRI(RUT]LE).d(IIO)_3,30A.
FACE CENTERED CUBIC MATRIX
500 hr
STANDARD SURFACE
AI203
SPINEL. aO:8.IOA,
TRI_RUTILE).d(IIO)_3.30A.
FACE CENTERED CUBIC MATRIX
SO0 hr
COLLECTED SPALL
TRI(RUTILE).dCIlO)(3.30A.
TRI(RUTILE).d(IIO)53.30A.
SPINEL. ao:O.OSA.
SPINEL. aO:B.3OA.
02-04-001-186-6
2.321mm THICK STATIC AIR
42
Ni BASE
B-1900
-0.0
ca
ii
u
-0.5
c_
o.
or>
-1 .0
COHHERCIAL CAST GAMMA/GAMMA PRIHE ALLOTS
IIO0*C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0 0
0 0 0 0
0 0 00 0
0
I I I I I I 1 I I
20 40 60 80 [00 120 140 160 180
TiffE,hr
200
200.OOhr TEST 2.306ms THICK
TIHE.hr
0.00
I.O0
15.00
30.00
aS.O0
60.00
75.00
90.00
100.00
IIS.O0
130.00
145.00
160.00
175.00
190.00
200.00
02-04-001-190-5
STATIC AIR
6M/A,eg/cI 2
0.00
0.24
-0.76
-I.06
-1.07
-1.14
-1.15
-I.20
-1.15
-I.15
-I.21
-1.17
-1.19
-1.20
-I.24
-I.20
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIHE ALLOYS
B-1900 1100"C 1.00hr CYCLES 200.OOhr TEST
X-RAY DiFFRACTiON DATA
SURFACE SPACE
200 hr 200 fir
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao=B.lOA. Am203
AI2O ] TRI(RUT[LE),d(IIO]_3.30A.
TR](RUTILE),d(llO)_3.30A. Cr203
FACE CENTERED CUBIC MATRIX UNKNOMN LINES, d VALUES
1.38A.
02-04-001-190-5
2.306um THICK STATIC AIR
43
-0 .O
%
U
I
•c -2,5
_.P.
-S .I
0 o
0
COHn(gClkL CAST GAHHA/;AHHA eft[HE ALLOTS
I100"C 20.OOhr CYCLES SO0.OOhr
SPECIFIC WEIGHT CHARGE DATA
O0 o
0
0
o
0
O
O
o
O
0
o
O
O
O
O
0
O
I I I I I I J i l
SO 100 ISI 200 2S0 300 3SO 400 450
TIME,he
SOS
TEST 2.331.e THICK
TIHE,hr
S.OS
20.00
40.00
60.80
80.|!
100.00
120.11
140.10
110.01
100.00
211.11
220.00
240,00
260,oo
280.00
300.00
320.11
340.01
360.II
380.00
400.00
420.00
440.00
460.00
480.00
S00.00
02-04-001-231-S
STATIC AIR
AX/A,oD/cn2
0.00
0.12
0.02
-0.22
-0.39
-O.SO
-0.68
-O.gl
-0.97
-I.09
-1.26
-I.44
-1.69
-1.09
-2.1D
-2.42
-2.75
-3.06
-3.44
-3.72
-4.tO
-4.42
-4.62
-5.18
-S.S2
-5.03
HI BASE COHflERCIAL CAST GAMMA/GAMMAPRIH( ALLOYS
B-19|0 110o'c 20.OOhr CYCLES SO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
SOO kr SOl hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. II=|,I|A, AI)O)
AI205 SPINEL, IlSl. IOA.
TRI_RUTILE).d_ttS)s3.3SA. RIO
SPINEL, IluS.2SA.
FACE CENTERED CUBIC HATNIX YRI(BUTILE).d(IlO)J3.)|A.
Cr)03
02-04-001-231-5
2.331nm THICK STATIC AIR
44
Ni BASE
B-1900
-0.0
u
%
-2 .s
z
u
-5.0
0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
ltO0"C SO.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I I J I I I I
50 100 150 200 250 300 350 400 4S0 500
TIME,hr
500.00hr TEST 2.325oo THICK
TIHE.hr
0.00
50.00
100.00
150.00
200.00
2S0.00
300.00
3S|.00
400.00
450.00
500.00
02-04-001-230-5
STATIC AIR
AW/A,aB/CD 2
0.00
-0.20
-0.67
-0.81
-1.12
-1.SO
-2.03
-2.72
-3.49
-4.37
-5.6S
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
B-1900 1100"C $O.00hr CYCLES 500.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
500 hr SO0 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. oo=B.10A. AI2O 3
AI2D 3 SPINEL. 80=B.10A.
TRI(RUT]LE),d(t10)_3.30A. NiO
SPINEL, ao:O.2SA.
FACE CENTERED CUBIC MATRIX TRI(RUTILE).d(I10)I3.30A.
Cr2O3
02-04-001-238-5
2.325mu TH]CK STATIC AIR
45
ui BASE
B-1900
i
-0.0
u
'_ -2 .s
-5.0
COMHERCIAL CAST GAMHA/GAHHA PRIHE ALLOYS
I100"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
_0 o
° o
°c b
°°°Ooc 0
0
0
0
0
0
I I 1 I I 1 I I i
50 100 lSO 200 250 300 350 400 450 ,500
TllaE .hr
SO0.OOhr TEST 2.319mm THICK
T1HE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
135.00
130.00
145.00
160.00
175.00
190,00
200.00
250.00
300.00
350.00
400.00
450.00
500.00
02-04-001-276-6
STATIC AIR
_W/A,mg/CU 2
0.00
0.22
0.1B
0.07
-0.06
-0.1B
-0.2B
-0.39
-0.45
-0+51
-0.62
-0.65
-0.77
-0.86
-0.93
-0,97
-1.42
-1.89
-2.81
-3.46
-4.59
-5.92
Ni BASE CONffERCIAL CAST GAmMA/GAMMA PR]_E ALLOTS
B-1900 I100*C t.OOhr CYCLES S00.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANOARD SURFACE COLLECTEO SPALL
SPINEL, BO;B.IOA. NiO
TRI(RUTILE),d(110)_3.30A. SPINEL, aO=B.3OA.
AI203 TRI(RUTILE),d(iIO)>3.30A.
SPINEL, oo=B.1OA.
FACE CENTERED CUBIC HATR|X
UNKNOWN LINES, d VALU(S
5.06A.
2.55A.
1.89A.
$00 hr SO0 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.lOA. NiO
AI203 SPINEL, aO:8.OSA.
NiO AI2O 3
TRI(RUT]LE),d(110)_3.3OA. TRI(RUTILE),d(lIO)>3.30A.
SPINEL. 80:8.25A.
FACE CENTEREO CUBIC NATRIX
02-04-001-276-6
2.319im THICK STATIC AIR
46
Ni BASE
B-I900
O.S
-0.0
u
z
-0 s
u
-1 .0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
IlO0"C 1.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0
I I I I I I I I I
20 40 60 BO lO0 120 140 160 180
T]ME.hr
200
200.OOhr TEST 2.333mm THICK
TlME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-001-324-2
STATIC AIR
Ag/A.m91c| 2
0.00
0.21
0.41
0.16
-0.06
-0.31
-0.48
-0.57
-0.75
-0.87
-0.9B
-1.07
-1.15
-I.26
-1.34
-1.40
Ni
B-1900
BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1100"C 100hr CYCLES 20O,OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. ao:8.1OA. NiO
AI2O 3 TRI(RUT]LE).d(IlO)53.30A.
TRI(RUTILE),d(1]O)(3.3OA. SPINEL, ao:B.2SA.
SPINEL. aO:B.lOA.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES. d VALUES
3.10A.
3.69A.
3.57A.
02-04-001-324-2
2.333mm THICK STATIC AIR
47
Ni BASE
B-1900
%
u
cL
u_
0
-0.0
-0 .S
-1 .0
I .
2O
COMMERCIAL CAST GAMHA/GAMMA PRIHE ALLOTS
1IO0"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0 0
0
0
I I I I I I I I
40 60 80 100 120 140 160 lEO
TIHE,Nr
2O0
200.OOhr TEST 2.340mm THICK
TIHE,hr
0.00
1.00
IS.O0
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
130.00
14S.00
160.00
17S.00
190.00
200.00
02-04-001-327-1
STATIC AIR
AW/A,mg/cm 2
0.00
0.22
0.24
-O.OS
-0.16
-0.30
-0.42
-0.52
-0.60
-0.77
-0.89
-I.00
-I.02
+1.II
-I.19
-).21
Ni BASE
B-1900
SURFACE
200 hr
STANDARD SURFACE
AI203
SPINEL, aO:8.05A.
FACE CENTERED CUBIC MATRIX
COMMERCIAL CAST GAHHA/GAHHA PRIHE ALLOTS
IIO0"C 1.OOhr CYCLES 200.OOhr TEST
X+RAY DIFFRACTION DATA
SPALL
200 hr
PROBABLE CROSS-SPALL
SPINEL. 80:B.3Ok.
CoO
TRI(RUTILE},d(lIO)_3.30A.
02-04-001-327-1
2.340mm THICK STATIC AIR
48
Ni BASE
B-1900
0.0
-100.0
u
z
z
u
-200.0
-3oo.o
-400.0
0
COnMERCIAL CAST GANflA/GAHMA PRIME ALLOYS
1100"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0 0
I I 1 I I I I I I
20 40 60 BO 100 120 140 160 160
TIPIE,hr
0
2O0
200.00hr TEST 2.317mm THICK
TIHE.hr
0.00
1.00
15.00
30.00
4S.O0
60.00
7S.00
90.00
100.00
115.00
130.00
14S.00
160.00
17S.00
190.00
200,00
02-04-001*336-4
STATIC AIR
6M/Aooo/cn2
0.00
0 17
-30.30
-74.60
-121.38
-159.93
-194.67
-228.06
-248.76
-36S.43
-310.86
-338.69
-353.51
-369.90
-397.49
-414.90
Ni BASE
B-1900
SURFACE
200 hr
STANDARD SURFACE
NiO
SPINEL. mO:8.1SA.
TRI(RUTILE),d(1IO)_3.3OA.
Ni(M.H0)O 4 TYPE 2
FACE CENTERED CUBIC flATR|X
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I100"C l.OOhr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
TRI(RUT]LE),dCIIO)>3.3OA.
SPINEL. OO:8.1SA.
Ni(W,M0)O 4 TYPE 2
02-04-001-336-4
2.317mm THICK STATIC AIR
49
N; BASE
B-1900
_J
:z
c_)
-0.0
-0 .S
0
10
COHNERCIAL CAST GA_MA/GAMHA PRIflE ALLOYS
1093"C 1.00hr CYCLES
SPECIFIC gEJGHT CHANGE DATA
0 0
0 0 0
20 30 40 50 60 70 80
TIHE,hr
I
90 00
100.00hr TEST 3.251mm THICK
TlHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
?S.O0
90.00
100.00
02-04-001-096-2
STATIC AIR
6g/A.mg/cm 2
0.00
0.11
-0.74
-0.78
-0.78
-0.85
-O.BS
-0.8S
-0.92
Ni BASE CONMERC[AL CAST GAMMA/GAMMA PRIME ALLOTS
B-19C0 1093"C l.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SP|NEL. so=B,lOA. NiO
AI203 SPINEL. Io:B.20A.
NiO
FACE CENTERED CUBIC _ATRIX
02-04-001-096-2
3.2Slmm THICK STATIC AIR
5O
Ni BASE
8-1900
0.2
0.0
u
%
m
z
-C .2
M
o.
-0.4
-0.6 I
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
1093"C |.OOhr CTCLES
SPECIFIC HEIGHT CHANGE DATA
0 0
i I l I I I I i
20 30 40 50 60 ?0 80 90
TIME.hr
02-04-001-143-3
100.00hr TEST 3.277mm THJCK STATIC AIR
00
TlflE,hr AM/A,mg/cm3
0.00 0.00
1.00 0.11
15.00 0.14
30.00 0.04
45.00 -0.07
60.00 -0.20
75.00 -0.39
90.00 -0.39
100.00 -0.60
5]
Ni BASE
B-]900
c._
z
_.J
w
cL.
i.n
0.0
-0 .5
COHMERCIAL CAST GAMMA/G,qM_A PRIHE ALLOYS
1038°C ].OOhr CYCLES
SPECIFIC HE]GHT CHANGE DATA
0
t I ! I
10 20 3O 40
0
0
0
I I I I I
SO 60 70 80 90
TIME,hr
100
lO0.OOhr TEST 3.302mm THICK
TIME,fir
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90+00
IO0.O0
02-04-001-09B-I
STATIC AIR
&M/A,mg/cs 2
0.00
O.IB
0+39
-0.04
-0.49
-0,63
-0.$6
-0.$3
-0.56
Ni BASE
6-1900
SURFACE
|00 hr
STANDARD SURFACE
SPINEL, so:B.OSA.
TRI(RUTILE),d(||O)_3.3OA.
FACE CENTERED CUBIC HATRIX
COMMERCIAL CAST GAMMA/GAMffA PR)ffE ALLOTS
|038"C t.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiO
SPINEL, a@:B.2OA.
02-04-_01-09B-1
3.302am THICK STATIC AIR
52
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
B-1900
03
i
u 0.2
w
:z:
w
:z
_'_ O.
w
0 0
10
0
0 0
02-04-001-098-2
1038"C ].OOhr CYCLES lO0.OOhr TEST 3.302mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0 0
O0
4 I I I 1 1 I I
20 30 40 50 60 70 80 90
TIME,hr
TlflE,hr AX/A,m9/cj2
0.00 0.00
1.00 0.21
15.00 0.28
30.00 0.21
45.00 0.07
60.00 0.07
75.00 0.11
90.00 0.11
100,00 0.11
53
0.3
"_ 0.2
c.1
N
_- o.1
eL.
o.c
COMHERCJAL CAST GAHHA/GAHHA PRIME ALLOYS
1000"C 1.00hr CYCLES 100,OOhr TEST
SPECIFIC HEIGHT CHARGE DATA
0
_o
G_
J
0
0
r_
SURFACE
B hr
STANDARD SURFACE
AI20)
Cr2O$
FACE CENTERED CUBIC MATRIX
SURFACE
100 kr
STANDARD SURFACE
AI2O)
TRI(RUTILE),d(110)$3.3OA.
a
0 0
0
n a
0 0
I I I 1 J i I
10 20 30 40 50 60 70
TIIqE ,hr
0 02-04-001-006-6
02-04-001-006-1
02-04-001-006-2
02-04-001-006-)
02-04-001-006-4
02-04-001-006"5
¢ 02-06-001-000-1
02-04-001-009-6
I I
00 90 100
K-RAT DIFFRAC]ION DATA
SPALL
B hr
NO SIGNIFICANT SPALL OBSERVED
6.500un THICK
TlRE.hr
0.00
8.00
24.00
68.00
72.00
100.00
TIHE.hr
0.00
0.00
TIME.hr
0.00
6.00
24.00
TIME,hr
6.00
0.00
24.00
48.00
TIHE,Nr
O.BB
0.00
24.00
48.00
72.00
TlHE.hr
1.01
0.00
26.00
40.00
72.00
100.00
Tl_E,hr
0.00
14.00
20.00
41.00
72.00
100.06
SS.00
SS.O0
TIRE,Er
0.00
14.00
2B,00
4_.60
72.00
55.06
006-1
02-04-001-006-6
STATIC AIRCTN 0-748A)
AHIA,aB/co 2
0.0S
O.IO
0.15
0.21
0.26
0.26
os,-I
0.00
AHIA,oo/cm2 006-2
0.00
0.15
0.14
6M/A,noIca3 006-3
O.BO
0.17
0.20
0.19
6M/AomO/Cm 3 006-4
e.BO
0.12
e.19
0.20
0.2_
6U/A.oB/c|2 006-5
0.00
O.tl
0.10
0.23
0.2t
0,20
A_/A.sg/ce2 009-1
0.00
0.15
0.22
0.22
0.24
0.25
0.22
0.26
AM/A,IB/CI2 009-6
0.00
0.12
0.19
0.19
1.20
0.20
X-RAY DIFFRACTION DATA
SPALL
100 hr
NO SIGNIFICANT SPALL OBSERVED
O06-A
FACE CENTERED CUBIC HATRIX
54
Ni BASE
B-1900*Hf
-0.0
%
L, [.0
E
L_
2.0
w
-3.C
4. I
I0
CBtIMCRCIAL CAST GAMMA GAMMA PRIME ALLOYS
11S0°C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
I I I I I I J J
20 30 40 SO 60 70 80 90
T[ME.hr
100
100.00hr TEST 2.310mm THICK
TIME.hr
O,OO
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-002-323-3
STATIC AIR
AWIA,mglcm2
0.00
0.16
-1.39
-2.0Y
-2.53
-2.94
-3.34
-3.59
-3.05
Ni BASE
B-1900,Hf
SURFACE
100 hr
STANDARD SURFACE
SPINEL, ao:8.tOA.
HfD 2
AI203
TRI(RUTILE),d(tlO)_3.3OA.
FACE CENTERfZD CUBIC HATRIX
COIIMERCIAL CAST GAMMAIGA_IHA PRIME ALLOYS
1150"C 1.00hr CYCLES 100.OOhr TEST 2.310mm THICK
X-RAY DIFFRACTION DATA
SPALL
100 hr
PROBABLE CRDSS-SPALL
NIO
SPINEL, ao:8.30A.
TRI(RUTILE),d(1101(3.30A.
NI(W,Mo)O4 TYPE I
CoO
02-04-002-323-3
STATIC AIR
55
Ni BASE 02-04-002-190-4
B-19OO*Hf STATIC AIR
-0.0
u
1o
-2.0
0
0
COI INERCIAL CAST GAMIIA/GAMMA PRIME ALLOYS
IIO0°C l.OOhr CYCLES 200.OOhr TEST 2.342mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
0
TlME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
tO0.O0
llS.O0
130.00
145.00
160.00
175.00
190.00
200.00
0
0
0
0
0
0 0
0
I I I I I I I I I
20 40 60 O0 lO0 120 140 160 IBO 200
TIME.hr
AW/A_m_cm2
0.32
-1.01
-I.15
-1.22
-1.33
-1.43
-1.52
-1.56
-1.62
-1.68
-1.72
-1.77
-I.78
-1.91
-1.94
Ni BASE
B-19OO,Hf
SURFACE
200 hr
STANDARD SURFACE
SPINEL, a@=B.lOA.
AI2O_
TRIt_UTILE),d(IIO)_3.]OA.
CDMHERCIAL CAST GAMHA/GAMMA PRIME ALLOYS
1100"C 1.00hr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
A1203
TRI(RUTILE),O(110)_3.30A.
SPINEL, ao=B.2OA.
02-04-002-190-4
2.342mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
56
Ni BASE
B-i900*Hf
0.0
u
z
9z
=
'-' -1.0
,,.
w
G,.
t,n
0
COMMERC]AL CAST GAMMA/GAMMA PRIME ALLOTS
1100"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0 0
0
I I I I 1 I I I L
20 40 60 BO 100 120 140 160 180 200
TIME,hr
200.OOhr TEST 2.330mm THICK
T]ME,hr
0.00
I.Oe
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
130,00
145.00
160.09
175.00
190.00
200.00
02-04-002-326-3
STATIC AIR
A¼/A,mg/cm 2
0.00
0.36
0.13
-0.27
-0.43
-0.57
-0.73
-O.OS
-0.97
-I.14
-I.19
-I.30
-1.42
-1.46
-I.55
-1.65
Hi BASE
B-1900.Hf
SURFACE
200 hr
STANDARD SURFACE
SPINEL, mO:E.OSA.
AI2O3
TR[(RUTILE),d(IIO)_3.30A.
HfO 2
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
1100'C I.OOhr CYCL(S 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
PROBABLE CROSS-SPALL
SPINEL, IO:8.SSA,
CoO
AI2TiO _
TRI(RUTILE),d(IIO)£3.3OA,
FACE CENTERED CUBIC MATRIX
02-04-002-326-3
2.330mm THICK STATIC AIR
5?
Ni BASE COriMERCIAL CAST GAFIMA/GANMA PRIME ALLOYS
IN-100
-as
-50.
Ni BASE
IN-tO0
I,
10
0
0
02-04-003-041-6
I150°C 1.00hr CYCLES IO0.OOhr TEST 2.408mm THICK STATIC AIR
SPECIFIC VEIGHT CHANGE DATA
0
I I I I I
20 30 40 50 60
TIME.hr
0
J I I
70 80 90 O0
COMMERC[AL CAST GAMMA/GAMMA PR[HE ALLOY5
I150°C l.OOhr CYCLES lO0.OOhr TEST 2.408mm THICK
X-RAY DIFFRACTION DATA
SPALL
tO0 hr
CDLLECTED SPALL
NIQ
SPINEL, ao:B.25A.
SURFACE
I00 hr
STANDARD SURFACE
SP[NEL, aO:8.IOA.
UNKNOHN LINES, d VALUES
2.57A.
3.29A.
3.52A.
TIHE.hr AW/A.m9/cm2
0.00 0.00
14.00 -0.90
28,00 -3.43
42.00 -6.98
56.00 -10.98
70.00 -18.04
86.00 -36.52
100.00 -56.20
02-04 003-041-6
STATIC AIR
FACE CENTERED CUBIC MATRIX
58
N; BASE 02-04-003-0%-3
IN 100 STATIC AIR
E
(a
c_ -100.
z
u
_' -200.
LL
O-
-30O
CO_IMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I150°C 1.00hr CYCLES 75.00hr TEST
SPECIFIC VEIGHT CHANGE DATA
0
0
0
0
1 1 1 1
60 70 BO 90 I00
I I
40 SO
TIME,hr
I I 1
10 20 30
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
3.230mm TH[CK
Ni BASE COMMERCIAL CAST GAMHAIGAMMA PRIME ALLQYS
[N-I00 l150°C 1.00hr CYCLES 75.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
75 hr 75 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.3OA. NIO
SPINEL, ao:B.25A.
FACE CENTERED CUBIC MATRIX
AH/A,mg/cm 2
0.00
1.77
-23.70
-67.54
-139.84
224.20
-306.01
02-04-003-095-3
3.230mm THICK STATIC AIR
59
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
]N-IO0
u
-2S0.
z
¢J
u.
-soo,
el_
I
10
02-04-003-10S-I
1150"C t.OOhr CYCLES 90.OOhr TEST 2.620mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
TlME,hr Ag/A,m/cm2
0.0O 0.00
1.00 -0.0!
tS.00 -75.43
30.00 -217.51
45.00 -343.B1
60,00 -457.74
75.00 -561.97
90.00 -652.69
0
{ I { { { { l I
20 30 40 SO 60 70 80 90
TlME,hr
100
60
Ni BASE
IN-tO0
O.
-250 ._
-SO0.
I
I0
Ni BASE
IN-rOB
SURFACE
tO0 hr
STANDARD SURFACE
SPINEL, ao:8.25A.
Cr2O3
FACE CENTERED CUBIC MATRIX
COFIHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150"C t.OOhr CYCLES
SPECIFIC gEIGHT CHANGE DATA
lO0.OOhr TEST 2.625mm THICK
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
tO0.O0
I I I I I I I I
20 30 40 50 60 70 BO 90 100
TIME,hr
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IISO°C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
I00 hr
COLLECTED SPALL
NiO
SPINEL, aO:B,2OA.
2.625mm THICK
02-04-003-I05-2
STATIC AIR
AW/A.mg/cm2
0.00
0.69
-42.66
-155.34
-273.51
384.80
-487.43
-581.66
-635.19
02-04-003-I05-2
STATIC AIR
61
Mi BASE
IN-IO0
0.0
-100.0
u
-200.
-3o0
-40"0.0
) (,3
J
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
0
0
IISO*C
SPECIFIC WEIGHT CHANGE DATA
02-04-003-127-1
l.OOhr CYCLES IO0.OOhr TEST ]2.700mm THICK STATIC AIR
0
]00
I I I I l J I I
20 30 40 SO 60 70 80 90
TIME.hr
TIME.hr AW/A,mg/Cm2
0.00 0.00
1.00 0.63
15.00 -4.39
30.00 -17.33
45.00 -54.04
60.00 -127.53
75.00 -225.13
90.00 -340.24
100.00 -417.57
62
0,0
u
z
cJ
-250.0
G.
cn
-500.0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
IlSO'C 1.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I I _ I i I
10 20 30 40 50 60 70 80 90
TIME.hr
100
60.OOhr TEST ;2.700ie THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
02-0a-003-127-2
STATIC klR
AHIA.mglcm _
0.00
0.21
°97.62
-244.31
-396.61
-527.85
63
Mi BASE
IN-lO0
0.0
u
z
." -loo.o
u
cL
-200.
t
10
CONMERC]AL CAST GAMMA/GAMMA PRIME ALLOTS 02-04-003-127-3
i]50°C l.OOhr CYCLES lO0.OOhr TEST 2,630mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
0
0
O0
I I I t I I I I
20 30 40 SO 60 70 80 90
T]ME.hr
TIMEohr AWiA,mglco2
O.OO 0.00
1.00 0.95
15.00 -6.73
30.00 -17.49
45.00 -42.23
60.00 -77.46
75.00 -124.49
90.00 -182.49
100.00 -220.17
0.0
z
u
-lO0.O
_.J
oz.
-200
CCMMERC]AL CAST GAMMA/GAMMA PRIME ALLOTS
1ISO'C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I { 1 I I I I
lO 20 30 40 SO 60 70 80 90
TiME ,fir
q
O0
tOO.OOhr TEST 2.637am THICK
TlHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-003-127-4
STATIC AIR
AM/A.mR/cm 2
0.00
0.74
-5.33
-13.61
-3t.39
-61.49
-I02.03
-153.57
-190.98
Ni BASE
IN-t00
SURFACE
tO0 hr
STANDARD SURFACE
SPINEL, eo:O.IOA.
AI203
SPINEL, oo:O.2SA.
NiO
TR[(RUTILE),U(ltO)_3.3OA.
FACE CENTERED CUBIC M'ATRIX
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
liSO'C 1.OOhr CYCLES lO0.0Ohr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
RiO
SPINEL, Oo:O.30A.
M;(M,Mo)O 4 TYPE 2
02-04-003-127-4
2.637mm THICK STATIC AIR
65
Ni BASE
IM-lO0
%
u
w -IO0
<_
z
u
_.J
m -200
I
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
0
0
0
02-04-003-127-5
IISO'C I.OOhr CYCLES |O0.OOfir TEST 3.251mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I I I ] I [ r
20 30 40 so 60 70 80 90 zoo
TIME.fir
TIME.hr 6WiA.mg/cm2
0.00 0.00
1.00 I.B4
lS.O0 -7.67
30.00 -11.34
45.00 -28.51
60.00 -67+52
75.00 -130.10
90.00 -216.31
I00.00 -277.22
66
Ni BASE
IN-log
w
z
,.z -100
=c
z.i
l.J
u.
a.
-200
O.
I
10
COHHERCIAL CAST GAHHA/GAHHA PRIME ALLOTS
0
0
02-04-003-127-6
11SO'C 1.00hr CYCLES lO0.O0_r TEST 3.2Slam THILK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0
I J I I I J I I <,
20 30 40 SO 60 70 80 90 100
TIHE,hr
TlME,hr AH/A,ng/Ca2
0.00 0.00
1.00 1.63
tS.O0 -6.32
30.00 -10.14
45.00 -20.18
60.00 -47.95
75.00 -95.B9
90.00 -170.45
100.00 -231.93
67
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-003-096-3
IN-IO0 3.226mm THICK STATIC AIR
O.C
-SO.O
u
m
-100.0
-150.[
I
10
0
1093"C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
I I L I I I I I
20 30 40 50 60 70 00 90
T1ME,hr
100
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
6W/A,mg/cm2
0.00
0.57
-9.82
-26.92
-47.40
-79.62
-114.69
-152.60
-178.98
68
NI BASE
]X-IO0
0.0
u
_" -so .o
m
=-
L, -100.0
u_
-150.0
COHHERCIAL CAST GANHA/GAHMA PRIME ALLOTS
0
02-04-00)-096-6
1093"C I,OOhr CYCLES IO0.0ONr TEST ).2TTmm THICK STATIC AIR
SPECIFIC MEIGHT CHANG( DATA
0
0
O0
I I I I I I I 1 t
IO 20 30 40 SO 60 70 80 90
TImE .hr
TlHE.hr AM/A.mR/cm2
O.OO 0,00
1.00 0.60
IS.O0 -6.14
30.00 -26.03
4S.00 -49.60
60,00 -9).3A
7S,00 -90.00
90.00 -126.26
IO0.O0 -140.13
Ni BASE COMMERCIAL CAST GAmMA/GAMMA PRIME ALLOYS
lN-lO0 1093"C 1.0Ohr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SP[NEL. Oo:B.|OA. fliO
Cr203 SPINEL. 80:B.3OA.
N;O AI2O 3
FACE CENTERED CUBIC MATRIX
02-04-003-096-6
3.277mm THICr STATIC AIR
69
Ni BASE
IN-100
%
ca
cL
cn
1.5
1.0
0.5
oo J
10
COMMERCIAL CAST GA_FIA/GAHMA PRIME ALLOYS
1038°C 1.0Ohr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0 0
I I I I I I I I
20 30 ,tO SO 60 70 80 90 100
TlHE,hr
180.OOhr TEST 3.251mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75,00
90.00
100.00
02-04-003-098-3
STATIC AIR
AHIA,m_cm2
.60
.59
.76
.73
.59
.66
,62
.62
70
1.5
%
_" I. 0
z
c_
O.S
0.0
COM_IERC[AL CAST GAMMA/GAmMA PRIME ALLOYS
I038"C l.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0 0
0
0
0
l I I I I I I I I
10 20 30 40 S0 60 70 B0 90
TIME,hr
]00,00hr TEST 3.277mm THICK
00
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-003-098-6
STATIC AIR
AH/A,mg/cm2
0.00
0.42
1.41
1.41
1.37
1.16
1.09
0.77
0.53
Ni BASE CDMNERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-t00 103O'C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cr2O 3 NiO
SPINEL, ao:B.2SA.
FACE CENTERED CUBIC MATRIX
02-04-003-09B-6
3.277mm THICK STATIC AIR
?I
N_ BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-004-041-4
]N-713C 6.500mm THICK STATIC AIR
-0 .0
u
• -5.0
u
10.0
0
0
IISO'C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
I I I I i ]
I0 20 30 dO 50 60
TIME,hr
0
70 80 90 TO0
TIME.hr
0.00
14.00
28.00
42.00
56.00
70.00
86.00
100.00
AW/A,mg/CI 2
0,00
-2.46
-4.B3
-6.88
-8.39
-9.85
-11.S0
-12.98
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-713C ]ISO'C I OOhr CYCLES IO0.DOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr lO0 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. aO:B.iSA. NiO
TRI(RUTILE),d(IIO)£3.3OA. TR](RUTILE).d(|IO)53.30A.
SPINEL, aO:B.20A.
FACE CENTERED CUBIC MATRIX Cr203
AI203
02-04-004-041-4
6SOOmm THICK STATIC AIR
?2
Ni BASE
]N-713C
-0.0
u -2 .S
m
48(
cJ)
M
-5.0
-7 .S
COMMERCIAL CAST GAHHA/GAHMA PR)HE ALLOTS
1100"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
b
0
r,
0
I f I I i I I i I
10 20 30 40 50 60 70 80 90 100
TlHE,hr
0 02-04-004-003-6
D 02-04-004-003-1
A 02-04-004-003-2
m 02-04-004-00)-3
02-04-004-003o4
02-04-004-003-S
O 02-04-004-010-1
lO0.OOhr TEST 6.500mm THICK
TIHE,hr
0.00
O.O0
24.00
40.00
73.00
100.00
TInE.hr
0.00
6.00
TIHEohr
0.00
8.00
24.00
TIHE,hr
0.00
8.00
24.00
46.00
TIHE,hr
0.00
6.00
24.00
46.00
73.00
TIHE,hr
0.00
8.00
24.00
48.00
73.00
100.00
TJflE,hr
0.00
8.00
24.00
48.00
72.00
100.00
02-04°004-003-8
STAT]C AIR(TN D-74043
-0.36
-0.97
-2.27
-3.40
-4.74
AM/A,Do/CO3 003-1
0.00
-1.51
AHIA,aoIco 2 003-2
0.00
-1.27
-1.65
6H/A,m8/ce3 003-3
0.00
-0,$4
-0.66
-1.91
AM/A,OR/C82 003-4
0.00
-0.49
-O.OS
-1.69
-3.00
AHIA,IoIcm 2 003-5
0.00
-I.77
-I.OO
-2.64
-3.$6
-4.67
AM/A,oDIcB2 010-1
0.00
-0.44
-1.94
-3.70
-S.29
-7.07
SURFACE
O hr
STANDARD SURFACE
TRI(RUTILE),d(l10)_3.30A.
AltO3
Cr2O3
FACE CENTERED CUBIC HATRJX
SURFACE
100 hr
STANDARD SURFACE
AltO3
TRICRUTILE),d(llO)_3.30A.
FACE CENTERED CUBIC HATR]X
X-RAY DIFFRACTION DATA
SPALL
8 hr
NO SIGNIFICANT SPALL OBSERVED
X-RAT DIFFRACTION DATA
SPALL
100 kr
COLLECTED SPALL
SPINEL, eIzO.2SA.
NIO
AI20 )
003-1
003-$
73
Hi BASE
|N-TI)C
0.4
0.3
u
i
0.2
(,D
N
u_ |.1
0.0
#
Ib
9
COMMERCIAL CAST GAflHA/GAHHA PRIH( ALLOTS
1000"C I.OOhr CYCLES iO0.OOkr TEST
SPECIFIC HEIGHT CHANGE DATA
b
o g
&
1 I I I I I I I I
10 20 30 40 50 60 70 80 90 100
TIHE ,hr
O 02-04-004-007-i
O 02-84-004-00?-1
A 02-04-004-007-2
m 02-|4-004-00?-3
02-04-004-007-4
a 02-04-004-00P-4
# 02-04-004-00P-S
6.S00mm THICK
TIHE,kr
0.00
0.00
24.00
48.00
72.00
100.00
TINE.kr
0.00
5.00
TIHE,Nr
O.OO
LOS
24.00
TIHE.br
0.00
0.00
24.00
4l,ll
TIHE,hr
S.00
J.OS
24.00
40.00
72.00
T]HE,hr
0.00
14.00
20.0S
41.00
72.00
100.00
SS.00
IS.el
TIHE,hr
0.00
14.01
2l.ll
41.00
72.00
55.00
02-04-|04-007-6
STATIC AIR(TN 0-7404)
AH/A.oI/cn2
O.O0
0.14
0.20
0.30
0.2l
0.32
6M/A,oglce 2 007-8
O.OS
0.11
AH/A_Ol;C''OOT'2
0.14
0.24
AHIA,I01CI| 00T-3
O.OS
0.14
0.2f
0.30
AHIA,o91CO 3 007-4
0.00
0.17
0,34
0.37
0.31
AHIA,oo/CO3 009-4
0.00
0.22
0.25
1.30
1.3l
0.34
0.30
0.34
AH/A.n91¢O2 OOt-S
0.00
O.lt
0.22
0.26
0.20
0.2t
SURFACE
O hr
STANDARD SURFAC(
At20)
TRI(RUTILE)od(III)_3.JOA,
FAC( CENTERED CUBIC HATRIX
X-RAT DIFFRACTIOH DATA
SPALL
5 kr
NO SIGN[FICANT SPALL OlSERVED
74
Ni BASE
IN-738
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150°C 1.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
-5o.
-100
0 10 20
0
0
0
I I I I
3O 40 SO 60
TIME.hr
I I I
70 80 90 100
100.OOhr TEST 6.500mm THICK
TIHE,hr
0.00
14.00
28.00
42.00
56.00
70.00
86.00
100.00
Ni BASE CBMHERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IN-738 1150°C 1.00hr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACC SPALL
100 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiO
SPINEL. ao=8.30A. SPINEL. ao:B.3OA.
Cr203
6.500mm THICK
02-04-005-041-2
STATIC AIR
-6.81
-12.70
-19.92
-27.31
-42.21
-78.39
-112.61
02-04-005-041-2
STATIC AIR
75
N[ _ASE 02-04-005-321-1
IN-738 lO0.OOhr TEST 2.32tmm THICK STATIC AIR
ca
i
z_ -50
(-a
,_, -1oo.
o.i
.I
10
COIIMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I150'C t.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I L I I
20 30 40 50 60 70 80 90 100
TIME .hr
TIHE,hr
Q.QQ
1.00
15.00
30.OO
45.00
60.00
75.00
90.00
I00.00
AH/A,m9/cm2
0.00
1.t2
-9.45
-t5.73
-27.21
-41.31
-65.26
-110.41
-134.14
Ni BASE COrlMCRCIAL CAST GArlMA/GAMMA PRIME ALLOYS
IN 138 IISO'C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Ni_ NiO
SPINEL, ao_8.3OA. SPINEL, ao-8.3OA.
Cr203 TRI(RUTILE),d(IIO)_3.3OA.
TRI(RUTILE},d(IIO_3.3OA. Cr203
NiT{O 3 NiTiO]
N](14,Mo)O 4 TYPE 2
UNKNOWN LINES, d VALUES
02-04-005-]21-I
2.321mm THICK STATIC AIR
?6
NI BASE
]N-7)|
%
u
N
-10
-20
-30
-4O
COflflERC]AL CAST GAflMA/GAHflA PRINE ALLOTS
IIO0"C 1.00hr CYCLES IO0.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
t I I I I I I I I
I0 20 30 40 SO 60 70 BO 90
TlllE.hr
@ 02-04-00S-004-A
n 02-04-00S-004-1
A 02-04-00S-004-2
= 02-04-005-004-3
02-04-00S-004-4
02-04-00S-004-5
O 02-04-005-010-I
00
6.SOOnu THICK
TIHE.hr
0.00
e.oo
24.00
48.00
72.00
100.00
TIHE.hr
0.00
8.00
TIHE,hr
0.00
O.O0
24.00
TlHE,hr
0.00
O.SO
24.00
40.00
TIHE.kr
0.00
O.O0
24.00
48.00
72.00
TIHE,hr
0.00
0.00
24.00
48.00
72.00
100.00
TIHE,hr
$.00
0.00
24.00
40.00
72.00
I00.00
02-04-006-004-0
STATIC A]R(TN D-7404)
+H''++l+''O
1.00
-O.4S
-12,49
-16.94
-2S.66
aM/A,oglcJ 3 0S4-1
O.Ol
2.16
AH/A.moIcu3 004-2
0.00
2.14
1.55
AM/A.IO/CI2 0S4-3
O.OO
1.97
1.09
-!!.99
AM/A,oo/co2 004-4
S.lO
1.17
-0.19
-11.95
-16.40
AH'A6 l *.'0S'-6
1.97
1.80
-12.63
-17.39
-29.46
AMIA.oo/cu _ 010-6
0.0B
0.71
-3.$3
-16.41
-22.05
-36.$2
SURFACE
8 hr
STANDARD SURFACE
Cr2O)
TRlCNUTILE).d(llO)_3.3SA.
FACE CENTERED CUBXC HATRIX
SURFACE
100 br
STANDARD SURFACE
Cr20)
SPINEL, oozO.2$A.
TRI(RUTIL(),d(IiO)_).3OA.
FACE CENTERED CUBIC HATRIX
X-RAY DIFFRACTION DATA
SPALL
B kr
NO SIGNIFICANT SPALL OBSERVED
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
Cr2O)
TRI(RUTILE),dIIIO)_3.$OA.
mlO
SPINEL. NIzO.2SA.
004-1
004-5
'7"7
N i BASE
IN-738
0 . Oq
_, -5o.c
--u -100.C
EL
-IS0 .C
• 0
CDM_IERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
II00"C 1.00hr CYCLES 200.OOhr TEST 2.330mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
I I I I I I I I I
20 40 60 BO L00 120 IdO 160 100 200
T IFIE,hr
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.02
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-005-324-1
STATIC AIR
0.98
-0.26
-7.66
-9.20
-14.08
-19.$6
-27.20
-32.99
-42.11
-SS.Bt
-77.00
-99.93
-123.B2
-146.16
-159.B4
Ni BASE COrI_IERCIAL CAST GAMmA/GAMMA PRIME ALLOYS
1N-738 IIO0°C l.OOhr CYCLES 200.OOhr TEST
X RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
Ni8 Ni8
SPINEL, ao:8.30A. SPINEL, ao-B.3OA.
Cr283 TRI(RUTILE),O(lIO)_3.JOA.
TRI(RUTILE),d(IIO)_3.3OA. Cr203
NiTi03 NiTiO 3
AI2O 3
UNKNS_N L[NES, d VALUES
2.88A. UNKNOWN LINES, d VALUES
2.90A.
FACE CENTERED CUBIC _ATHIX
02-04-00S-324 1
2.330mm THICK STATIC AIR
?8
Ni BASE
IN-73B
,_ 2.0
w
m
=-
N
_- 1.0
0.0
COHHERCIAL CAST GAHHA/GAHflA PEStlE ALLOYS
1000"C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
O
0
m O
I I I I I I I I I
10 20 30 40 50 60 70 00 tO IS0
TIHE ,hr
0 02-04-006-000-6
n 02-04-006-800-1
02-04-00S-000-2
o 02-04-005-000-3
b 02.04-00So|00-4
02-OA-OOS-SOB-6
0 02-04-00S-009-3
6.SOOnn THICK
TlHE.hr
0.00
0.00
24.00
AO.O0
72.00
100.00
TIHE,hr
0.00
O.OI
TXHE,hr
0.00
0.00
24.00
TiflE,hr
0.00
8.00
24.00
48.00
TIHE.hr
I.O0
O.00
24.00
40.00
72.00
TtHE,hr
0.00
8.00
24.00
40.00
72.00
100.00
TlHE.hr
0.00
1A.O0
20.01
41.00
72.00
100.00
SS.O0
IS.lO
02-04-006-008-6
STATIC AIR(TN D-74043
AMIA,o91CO 3
0.00
0.72
1.37
2.27
2.SO
2.73
AH/A,mo/co 3 000-1
0.00
0.02
AH/A,nD/CO3 008-2
0.00
e.e2
1.10
6M/A,oBIco3 000-)
0.00
0.72
1.33
2.1t
6H/A,io/¢13 000-4
o.oe
0.77
1.43
2.2t
2.S7
6HIA,mRIco2 OIO-S
0.00
e.e2
1.60
2.39
2.62
2.49
4MIA,mBICO| 00_-B
o.ee
1.04
1.65
1.90
2.39
2.75
2.15
2.50
SURFACE
8 kr
STANDARD SURFACE
Cr3O)
TR](RUTIL().d(IIO)_3.3OA.
FACE CENTERED CUBIC HATRIX
SURFACE
133 #r
STANDARD SURFACE
Cr3O3
TRI(RUTILE),d(I|O)_3.3OA.
FACE CENTERED CUBIC HATRIA
X-RAY DIFFRACTION DATA
SPALL
8 hr
NO SIGNIFICANT SPALL OBSERVED
X-RAY DIFFRACTION DATA
SPALL
100 br
NO SIGNIFICANT SPALL OBSERVED
000-!
000-5
79
N i BASE
]N-192,Hf
%
u
c_
cJ
100
ua
_c
cr_
200
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IlSO°C l.OOhr CYCLES
SPECIFIC WEIGIIT CHANGE DATA
0
©
__1__L__ I I I I I I I
I0 20 30 40 SO 60 70 BO 90
TIIIE,hr
1OO
lO0.OOhr TEST 2.316mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.Q0
75.00
90.00
I00,00
Ni BASE COMMERCIAL CASr GAMKAIGAMMA PRIME ALLOYS
IN 792.11f 1150°C l.OOhr CYCLES lO0.OOhr IEST
X RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiO
SP[NEL, ao:8.30A. SPINEL, oo:O.]OA.
Cr203 NI(N,Mo)O 4 TYPE I
NiTi03 TRIIRUTII.E),d(IIO}E3.3OA.
I}_I(RUTILE),d(IIO)S3.3OA. CF20 ]
NI(H,Mo)04 TYPE I
2.316mm THICK
02 04-007-323-2
STATIC AIR
ANIA,msIcm 2
0.00
I .SO
-9.27
-22.74
-39.28
-85.60
-125.66
167.49
192.13
02-04-007-323 2
STATIC AIR
FACI_ CE,N[I_R[_D CUDIC MATRIX
8O
Ni BASE
[N-792.Hf
0 0
u
u
z
g
_ -100.0
a.
-2000
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IISO'C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I J I I I i '
I0 20 3;0 40 50 60 70 BO 90 I00
TIME ,hr
lO0.OOhr TEST 2.236mm THICK
02-04-007-323-5
STATIC AIR
ilME.hr 8HIA.m91cm2
OmO0 0.00
1.00 0.52
15.00 "7.56
30.00 --21.57
45.00 -45.61
60.00 -93.33
75.00 -136.90
90.00 -172.67
%00.00 -196.23
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-007-323-S
]N-792*Hf llSO*C I.OOhr CYCLES lO0.OOhr TEST 2.236mm THICK STATIC AiR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE PROBABLE CROSS-SPALL
SPINEL. ao=B.3OA, NiO
NiO SPINEL. ao:B,3OA.
Ni(W,Mo)O 4 TYPE 1 Ni(g,Mo)O 4 TYPE I
TRI(RUTILE),d(IlO)53.30A. TRI(RUTILE),d(IiO)53.30A.
Cr203 CoO
Ni(W,Mo)O 4 TYPE 2
FACE CENTERED CUBIC MATRIX
81
Ni BASE 02-04-007-337-S
IN-792*Xf lO0.OOhr TEST 2.322mm THICK STATIC AIR
0.0
u
9c
z
-100.
c.t
,.J
-200.
COflHERCIAL CAST GAflflA/GAflflA PRIME ALLOYS
IIS|'C I.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
J I I I I I I I, I
10 20 30 40 SO 60 70 80 90
TIHE.hr
I00
TlflE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
)00.00
AH/A,mg/cm2
0.00
0.06
-12.32
-27.79
-46.69
-97.0S
-134.85
-171.67
-204.98
Ni BASE
IN-792.Hf
SURFACE
100 hr
STANDARD SURFACE
SPINEL. i|:8.2SA.
RiO
TRI(RUTILE).d()i0)_3.39A.
Cr2O 3
(Ni.Co.Fe)TiO)
Ni(M.Ho)D 4 TYPE !
COHHEBCIAL CAST GAHMAIGAnHA PRIHE ALLOTS
IISO'C t.OOhr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 kr
COLLECTED SPALL
RiO
SPINEL. 00=8.30A.
TRI(BUTILE},d(llO)£3.30A.
ii(H.flo)O 4 TYPE 1
ii(H,No)O 4 TYPE 2
FACE CENTERED CUBIC HATRIX
02-04-007-337-$
2.322nn THICK STATIC AIR
82
Ni BASE
IN-792,Hf
0 0
u -50
o_
-I00.
L)
U.
-150.
Ni BASE
[N-792_Hf
I
20
COMMERCIAL CAST GAMdA/GAMMA PRIME ALLOYS
IIO0"C t.OOhr CYCLES 200.OOhr TEST 2.302u THICK
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
(
I I I I I
40 60 80 I00 120 200
TIME,hr
SURFACE
200 hr
STANDARD SURFACE
NiO
SPINEL, ao:B.30A.
TRI(RUTILE).d(IlO)_3.30A.
Ni(W,Mo)D4 TYPE I
0
0
0
I I I
1,I0 160 180
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-007-310-2
STATIC AIR
0.77
1.78
-3.03
-11.40
-16.19
-24.17
-36.63
-43.39
-54.57
-71.02
-99.26
-121.44
-135.43
-151.70
-161.87
COHMERCIAL CAST GAMMA/GAHMA PRIME ALLOYS
II00°C l.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
Ni(W.Mo)D4 TYPE I
SPINEL, ao:B.2SA.
TRI(RUTILE),d(IIO)(3.3OA.
02-04-007-310-2
2,302mm THICK STATIC AIR
83
Ni BASE COtiMERCIAL CAST GAflMA/OAMi'IA PRIME ALLOTS 02-04-007-326-2
[N-792*Hf II00"C 1.00hr CYCLES 200.00hr TEST 2.315mm THICK STATIC AIR
0 ,
-50.
u
o -100.
Lc
-150
Ni BASE
[N-Z92.Hf
0
2O
0
0
0
0
0
SPECIFIC NEIGHT CHANGE DATA
O
0
0
0
0
0
0
I I I I I I I I
40 60 OO 100 120 1,10 160 lOO
TIME,he
COII_tERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
IIO0"C
SURFACE
200 hr
STANDARD SURFACE
NiO
SPINEL, ao:B.3OA.
Cr2O3
NITiO3
TRI(RUTILE),d(IIO)_3.]OA.
FACE CENTERED CUBIC MATRIX
200
I.OOhe CYCLES 200.OOhr TEST
TIME.heO00 A"/A6T_ :'2
1.00 0.O6
15.00 2.13
30.00 -4.92
45.00 -11.06
60.00 -16.BI
75.00 -2B,50
90.00 -39.74
100.00 -51.39
llS.O0 -81.56
l]O.O0 -101.25
145.00 -116.64
160.00 -133.39
175.00 -155.77
190.00 -172.59
200.00 -104.46
X-RAY DIFFRACTION DATA
SPALL
200 he
COLLECTED SPALL
NiO
SPINEL, aO:B.3OA.
TRI(RUTILE),d(II0}_3.30A.
Ni(W,Mo)04 TYPE l
NITi03
Cr203
UNKNOWN LINES. d VALUES
3.10A.
02-04-007-326-2
2.315mm THICK STATIC AIR
84
Ni BASE
]N-792*Hf
u
o, -50
c._
-- -]00
u.
-ISO.
COMMERCIAL CAST GAMMA/GANHA PRIME ALLOYS
1100°C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0 0
0
0
0
0
0
0
0
0
0
0
J I J J J I J J J
20 40 60 80 100 120 140 160 180 200
TIHE.hr
200.OOhr TEST 2.306ms THICK
TJnE,_r
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
1)$.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-007-326-5
STATIC AIR
0.00
0.61
1.46
-4.58
-S.35
-10.61
-19.R4
-27.62
-34.19
-51.SO
-BO.6S
-9S.00
-109.9S
-12B.61
-144.60
-156.26
Ni BASE COMMERCIAL CAST GAHHA/GAHNA PRIHE ALLOYS
IN-792oHf 1100°C I.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiO
SPINEL. eo=B.3OA. SPINEL. eO:O.3OA.
AI2TiO S NI(H,Ho)O 4 TYPE 1
SPINEL. UO:O.1OA. TR[(RUT[LE),d(IIO)_3.30A.
Cr2O 3 (Ni,Co,Ft}TiO 3
NI(¼,Ho)O 4 TYPE 2 Cr203
FACE CENTERED CUB[C MATRIX UNKNOMN LINES, d VALUES
2.01A.
2.76A.
02-04-007-326-5
2;306u. THICK STATIC AIR
85
Ni BASE
[t-792.Hf
u
z
u
-100
Q.
-150
COMMERCIAL CAST GAMMA/GAMMA PR|ME ALLOYS
1100"C t.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
I I I I l I l I
20 40 60 80 iO0 120 140 160 200
T]ME .hr
0
0
0
I
180
200.OOhr TEST 2.306eu TH|CK
TlME.hr
O.OO
1.00
IS.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
_45.00
160.00
175.00
190.00
200.00
02-0a-007-336-5
STATIC AIR
AH/A,ao/cm 2
0.00
0.00
1.36
-9.31
-13.80
-21.27
-31.24
-41.50
-51.69
-78.01
-10S.17
-116.84
-134.69
-151.17
-173.42
-193.99
SURFACE
200 5r
STANDARD SURFACE
RiO
SPINEL. ao:O.3OA.
TR|(RUTILE).d{110)_3.30A.
Cr203
(Ni,Co.Fe)TiO3
TRI(RUTILE).d(IlO)_3.30A.
NI(M.Ho)O 4 TYPE 2
COHMERCIAL CAST GAMHA/GAHMA PRIHE ALLOYS
1100°C l.OOhr CXCLES 200.OOhr TEST
X-RAY D|FFRACT]ON DATA
SPALL
200 hr
COLLECTED SPALL
RiO
SPINEL, aO:6.30A.
Ni(X.Mo)04 TYPE I
TR|(flUTILE).d(IIO)_3.30A.
FACE CENTERED CUB|C MATRIX
02-04-007-336-5
2.306_u THICK STAT|C AIR
86
ool
u
z
-lOO.O
o..
¢.n
-200.0
0
I
10
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1|50"C I.OOhr CrCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I
20 30 40 SO 60 70 80 90
TIME.he
tO0
IO0.OOhr TEST 2.3101= THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.0D
lO0.O0
02-04-031-328-3
STATIC AIR
&HIA,mBIc| 2
0.00
0.43
-3.14
-14.44
-73.87
-I19.21
-161.99
-205.15
-233.19
Ni BASE
IN-939
SURFACE
100 hr
STANDARD SURFACE
NiO
Cr203
SPINEL, eO=8.30A.
TR](RUT]LE).d(|IO}_3.3OA.
FACE CENTERED CUBIC HATR]X
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
IISO'C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
tO0 hr
COLLECTED SPALL
NiO
SPINEL. aO=B.3OA.
Cr203
TRI(RUTILE).d(ItO}_3.3OA.
SPINEL. eo:B.IOA.
02-04-031-328-3
2 3lOci THICK STATIC AIR
87
Ni BASE 02-04-031-327-3
1N-939 200.OOhr TEST 2.304mm THICK STATIC AIR
0.0q
u
-I00 0
c.a
o
Q.
-200.0
COMHERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
1IO0"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
) 0 0 0
0
0
0
0
0
0
0
0
(
I I i J I I i I
20 40 60 80 100 120 140 160 200
TIME,hr
0
0
I
190
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
6H/A.mg/cm2
0.00
0.07
-0.59
-0.98
-2.90
-7.79
-33.99
-64.38
-79,36
-101,91
-124.90
-145.71
-168,06
-191.10
-213.46
-227.63
Ni BASE
1N-939
SURFACE
200 hr
STANDARD SURFACE
HiD
SPINEL, 10:8.30A.
Cr203
TRI(RUTILE).d(110)$3.30A.
FACE CENTERED CUBIC MATRIX
COMMERCXAL CAST GAMHA/GAMMA PRIME ALLOTS
IIO0'C 1.00hr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
miO
SPINEL. ao:B.30A.
Cr2O 3
TRI(RUT]LE).d(I10)_3.30A.
SPINEL, tO:B.OSA.
02o04-031-327-3
2.304am THLCK STATLC AIR
88
NI BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
MAR -M-200
O_
-100
o
a
c_
o -200
o..
-300.
I I I l I I I°I I
I0 20 30 ,_0 50 60 70 00 90
TIME,hr
02-04-008-225-1
1150"C 1.00hr CYCLES 75.00hr TEST 2.157mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
O0
TIMEohro.o0 AW/A_m_cm2.
1.00 5.12
15.00 -90.82
30.00 -161.07
45.00 -239.26
60.00 -307.63
75.00 -369.16
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
HAR-H-200 IISO°C 1.00hr CYCLES 75.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
7S hr 75 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiO
Ni(g,Ho)O4 TYPE 1 Ni(H,Mo)04 TYPE t
SPINEL, ao:8.1OA. SPINEL, ao:8.25A.
SPINEL, ao:8.25A. TRI(RUTILE),d(110)(3.30A.
TRI(RUTILE),d(IIO)(3.30A.
02-04 000-22S-1
2.1S7mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
89
Ni BASE
MAR-M-200
-I00.
z
(J
-200.
_n
-300.
NI BASE
MAR-M-200
COfIMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
]150"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
I I I. I i I l°I I
10 20 ]0 40 50 60 70 BO 90 100
TIrIE,hr
SURFACE
75 hr
STANDARD SURFACE
NIO
N;(L_,Mo)D4 TYPE 1
SPINEL, ao_O.lOA.
SPINEL, ao=O.25A.
TRI(RUTILE},d(]|O)_3.3OA.
75.00hr TEST 2.155m® THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
02-04-00B-225-2
STATIC AIR
Ag/A,mB/cm2
0.00
4.02
-B3.62
-157.55
-235.9S
-305.41
o368.19
COIIMERCIAL CAST GAIt_IA/GAfIMA PRIME ALLOYS
I150°C l.OOhr CYCLES 75.00hr TEST 2.15Smm THICK
X-RAY DIFFRACTION DATA
SPALL
75 hr
COLLECTED SPALL
NiO
NI(W,Mo)04 TYPE !
SPINEL, ao:B.2SA.
TRI(RUTILE).d(IIO)_3.30A.
02-04-008-225-2
STATIC AIR
FACE CENTERED CUBIC MATRIX
90
Ni BASE
MAR -M-200
O,
-25.
.T:
-50 .C
COMMERCIAL CAST GAMNA/GAMMA PRIME ALLOYS
II00"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
(
I I I I I I I I
20 40 60 00 100 120 140 160 200
TIME,hr
0
0
I
IBO
200.OOhr TEST 2.297mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115,00
130.00
I45.00
160.00
175.00
190.00
200.00
02-04-008-310-3
STATIC AIR
0.95
-3.31
-4.58
-6.03
-B.14
-11.11
-14.67
-17.35
-22.12
-26.13
-30.62
-35.94
-41.78
-47.82
-52.16
Ni BASE
MAR-_I-200
SURFACE
200 hr
STANDARD SURFACE
NiO
SPINEL, ao:B.1OA.
SPINEL, ao-B.2SA.
Ni(W,tlo)04 TYPE I
TRI(RUTILE).d(110)_3.]OA.
NiTi03
AI203
FACE CENTERED CUBIC _IATRIX
COti_ERCIAL CAST GAM)IAIGANtAA PRIME ALLOYS
llO0"C l.OOhr CYCLES 200.OOhr TEST 2.297mm THICK
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
RiO
Ni(_,Mo)D4 TYPE I
SPINEL, aO:B.25A.
TRI(RUTILE).d(IIO)(3.30A.
02-04-00B-310-3
STATIC AIR
91
Ni BASE
MAR-M-200.Hf
%
u -100.
z
L}
(= 200.
LL
U
UJ
_300.
-400 I
10
COIiMERC|AL CAST GA_MAIGA_MA PRIME ALLOYS
IISO'C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
I I I I I I I I
20 .20 40 SO 60 70 80 90 I00
TIME,hr
lO0.OOhr TEST 2.304mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
02-04-009-225-3
STATIC AIR
AWIA,mg/cm2
0.00
3.00
-52.50
-93.81
-161.B9
-225.10
-285.87
-339.B4
-380.35
Ni BASE
HAR-M-2OO*Hf
SURFACE
100 hr
STANDARD SURFACE
NiO
Ni(W,Mo)O4 TYPE 1
SPINEL, a0:B.10A.
SPINEL, a0:B.2SA.
TRI(RUTILE),d(I10}_3.30A.
HID 2
FACE CENTERED CUBIC MATRIX
CDtlMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I150°C l.OOhr CYCLES 100.OOhr TEST 2.304mm THICK
k-RAY D[FFRACTIGN DATA
SPALL
100 hr
COLLECTED SPALL
NiO
Ni(H,Mo)O4 TYPE I
SPINEL, ao:B.2SA.
TRI(RUTILE).d(I10)_3.30A.
Hf02
02-04-009-225-3
STATIC AIR
92
Ni BASE
MAR-M-2OO*Hf
-I00
E
ca
m
E:
-200
-3oo
-,I00
Ni BASE
MAR-I4-2OO,Hf
COIfflERCIAL CAST GAHHA/OAr!HA PRIME ALLOYS
IISO°C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
I I I I I I I I I
10 20 30 40 50 60 70 80 90 I00
TIME.hr
SURFACE
100 hr
STANDARD SURFACE
NiO
Ni(N,fio)04 TYPE |
SPINEL, ao-B.lOA.
SPINEL, aO:B.2SA.
TRI(RUTILE),d(IIO)(3.3OA.
ItfO 2
FACE CENTERED CUBIC MATRIX
tO0.OOhr TEST 2.304mm THICK
TIME,hr
0.00
l.O0
15.00
30.00
45.00
60.00
75.00
90.00
100.00
COHMLRCIAL CAST GAH_IA/GAHMA PRIME ALLOYS
1150"C 1.00hr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NID
Ni(N,Mo)O4 TYPE l
SPINEL, ao:8.2SA.
TRI(RUTILE),d(IIO)_3.3OA.
HfO 2
2.304mm THICK
02-04-009-225-6
STATIC AIR
AW/A,mg/cm 2
0.00
3.95
-68.25
-139.76
-205.30
-271.22
-336.73
-398.75
-439.85
02-04-009-225-6
STATIC AIR
93
N i EASE
DS MAR-M 200,Hf
0.0
LI
z
_r 25.0
H
-SO .C
Ni EASE
OS MAR-ti 200*Hf
CO;ILIERCIAL CAST GAMi'IAIGAMMA PRIME ALLOYS
0
1
I0
1150°C l.OOhr CYCLES 100.OOhr TEST 2.290mm IHICK
SPECIFIC _EIGHT CIIANGE DATA
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
0
0
1 1 I I I I I 1
20 30 ,i0 50 60 70 00 90 100
TIME,hr
CDMIIERC[AL CAST GAMMA/GAMMA PRIME ALLOYS
llSO°C l.OOhr CYCLES
k RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
N[O
NI(N,Mo)O 4 TYPE 1
SPINEL, ao:O.25A.
TRI(RUTILE),d(IIO)_3.3OA.
HfO2
100.OOhr TEST 2.290mm THICK
SURFACE
I00 hr
STANDARD SURFACE
NiO
NI(N,Mo}Q4 TYPE 1
SPINEL, BO:B.10A.
SPINEL, ao-B.2SA.
TRI(RUTILE),d(IIO)_3.30A.
HfO 2
FACE CENTERED CUBIC MATRIX
02 04-010-225-4
STATIC AIR
bNIA,mg/cm 2
0.00
0.82
-0.26
-3.69
9.83
-17.74
-29.34
-42.71
SO.B1
02-04-010-225-4
STATIC AIR
94
Ni BASE
DS-MAR-M-2OO*Hf
%
-I00
E
z
_' -200
L>
EL
(3,_
U_,
-300
4OO
Ni BASE
DS MAR-M-2OO,Hf
CoriMERCIAL CAST GAMHA/GArIMA PRIME ALLOYS
IISO'C I.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
SURFACE
lO0 hr
STANDARD SURFACE
NiO
Ni(g.Mo}04 TYPE I
SPINEL. ao=B.lOA.
SPINEL, ao:B.25A.
TRI(RUTILE),d(IlO)_3.]OA.
HfD 2
0
I l { I I I I I I
I0 20 ]0 40 50 60 70 80 YO 100
TIHE,hr
COHHERCIAL CAST GAHMA/GAdIIIA PRIME ALLOYS
lI50°C l.OOhr CYCLES
X RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiO
Ni(W.Ho)O 4 TYPE I
SPINEL, ao=B.2SA.
IRI(RUTILE),d(IIO)£3.3OA.
HfO2
2.297mm THICK
02-04-010-225-5
STATIC AIR
TI_E,hro.o0 Ag/A6mloCm2.
l.O0 2.93
15.00 -61.71
30.00 -126.48
45.00 -183.62
60.00 -238.35
75.00 -295.26
90.00 -345.37
lO0.O0 -385.04
02 04-010-225 S
100.OOhr TEST 2.297mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
95
Ni BASE
MAR-M-200,Hf
0 )
u
-50
-I00.
_] BASE
ttAR-M 200,Hf
I
2O
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
t'_
0
0
0
0
02-04-009-310-4
1100'C O.03hr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
(
I l l I I I I
40 60 80 100 120 140 160 200
TIME,hr
SURFACE
200 hr
STANDARD SURFACE
NiO
SPINEL, ao:B.25A.
SPINEL, ao:O.IBA.
NI(N,Mo)O4 TYPE 1
TRI(RUTILE),d(IIO)_3.3OA.
HfO2
FACE CENTERED CUBIC MATRIX
0
I
180
2.300mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.0O
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
STATIC AIR
Ag/A,mg/cm2
0.00
0.93
2.46
0.78
-2.64
-7.00
-12.32
-19.32
-24.86
-33.55
-42.17
-53.01
-64.08
-75.43
-B7.23
-95.B5
COI'IIIERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1100"C O.03hr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
NI(W,Mo)O4 TYPE I
SPENEL, ao:O.25A.
TRI(RUTILE),d(IIO)(3.3OA.
Hf02
02-04-009-310-4
2.300mm THICK STATIC AIR
96
N i BASE
DS-MAR-M-2OO*Hf
0 _ 0
-2s
u
ig
z
"_ -50.
-75.
Ni BASE
DS-MAR-M-2OO,Hf
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
II00"C l.OOhr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
SURFACE
200 hr
STANDARD SURFACE
NiO
NI(N,M0)O4 TYPE !
SPINEL, ao:B.IOA.
SPINEl_, ao:B.25A.
TRI(RUTILE},d(IIOI(3.3OA.
HfO 2
FACE CENTERED CUBIC MATRIX
0
0
0
I I I I I I I I I
20 40 60 80 100 120 t40 t60 180 200
T[ME,hr
CO;IMERCIAL CAST GAH_IA/GA_IMA PRIME ALLOYS
IlO0°C l.OOhr CYCLES
X-RAY DIFFRACTION DATA
SPALL
200 hr
CDLLECTED SPALL
NiO
Ni(g.Mo)O 4 TYPE t
SPINEL, ao:B,2SA.
TRI(RUTILE),d(IIO)_3,3OA.
HfO 2
2,324mm THICK
02-04-010-310-5
STATIC AIR
TIME,hr AW/A,mg/cm2
0.00 0.00
1.00 0.91
15.00 1.90
30.00 0.89
45.00 -I.25
60.00 -4.16
75.00 -7.91
90.00 -12.42
100.00 -16.39
1!5.00 -23.72
130.00 -30.95
14S.00 -40.48
160.00 -51,12
175.00 -64.49
190.00 -82.11
200.00 -94.9S
02-04-010-310-5
200.OOhr TEST 2.324mm THICK STATIC AIR
9?
Ni BASE CO¢¢MERCIAL CAST GAFIHA/GAMMA PRIME ALLOYS
MAR-M-211
_, -io
¢,J
u
N -20i1.
0
0
0
02-04-011-321-4
1150"C l.OOhr CYCLES 100.OOhr TEST 2.248mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
0
I I I I I t I f I
I0 20 30 ,_0 SO 60 70 80 90 I00
TIr4E,hr
T[ME,hr AW/A,mB/cm2
0.00 0.00
I.O0 -0.26
15.00 -2.79
30.00 -5.04
45.00 -6.95
60.00 -9.54
75.00 -14.33
90.00 -21.73
100.00 -27.93
Ni BASE COIIHERCIAL CAST GA_hIA/GAMkIA PRIME ALLOYS
MAR-M-211 IISO°C l.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEl., aO:8.IOA. NiO
TR[(RUTILE),d(IIO)_3.3OA. Ni(W,Mo)04 TYPE I
A1203 SPINEL, aO:Bm25A.
TRI(RUTILE),d(IIO)>3.3OA.
FACE CENTERED CUBIC MATRIX
UNKNOHN LINES, d VALUES
2.76A,
02-04-011-321-4
2.240mm THICK STATIC AIR
98
Ni BASE
MARoHo211
0.0q
u
z
u
-250.0
N
-$000
CONNERCIAL CAST CANNA/CAnNA PRIME ALLOTS
1100"C I.gOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
) 0 0
0
0
0
0
I I I I I J I J I
20 40 60 80 100 120 140 160 180 200
TlNE.hr
115.OOhr TEST 2,268mm THICK
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
02-04-011-324-4
STATIC AIR
AH/A.ng/cm 2
0.00
0,69
-0.77
-S.54
-24.83
-111.77
-260.46
-386.49
-449.99
-524.89
Ni BASE
HAR-H-211
SURFACE
200 hr
STANDARD SURFACE
Ni(¼.Mo)O 4 TYPE 1
SPINEL. aO:O.OSA.
SPINEL. aO:R.2SA.
TR](RUT]LE).d(IIO)_3.3OA.
NiO
FACE CENTERED CUBIC NATRIX
COflnERCIAL CAST GAMMA/GABnA PRIHE ALLOTS
1100"C I.OOkr CTCLES I1S.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
UiO
Ni(M.Ho)O 4 TYPE 1
SPINEL, oo:O.2SA.
SPINEL. OI:D,|IA.
Ni(H.flo)O 4 TYPE 2
TRI(RUIILE),N(llO)s).30A.
02-04-011-324-4
2.269mm THICK STATIC AIR
99
Ni BASE
MAR-M-246
-25
u
w
-SO .0
o_
-7S.0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I
lO
0
0
0
I I I I I I I I
20 30 40 SO 60 70 90 90
TIME.hr
02-04-0]2-322-3
IISO'C l.OOhr CYCLES IO0.OOhr TEST 2.23Bmm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
100
T|ME.hr AWIA,mglcm2
0.00 0.00
I.O0 0.38
tS.O0 -7.55
30.00 -14.lO
4S.00 -22.73
6O.OO -32.57
75.00 -43.87
90.00 -65.03
IO0.O0 -92.89
il BASE
FlAR-M-246
SURFACE
lO0 hr
STANDARD SURFACE
RiO
SPINEL. 80:8.25A.
TRI(RUTILE),d(IIO)_3.3OA.
SPINEL. IO:8.IOA.
Ai203
Cr203
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150"C I.OOhr CYCLES lO0.OOhr TEST
X-RAT DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
RiO
SPINEL, aO:B.25A.
SPINEL. aO:B.OSA.
TRI(RUTILE).d(IIO)(J.3OA.
FACE CENIERED CUBIC RATRIX
02-04-012-322-3
2.238mm THICK STATIC AIR
I00
Ni BASE
ffAR-H-246
0.0
%
w
-10
z
o
Q.
u_
-2O
COMMERCIAL CAST GAHHA/G4ff_A PRIME ALLOYS
]|O0"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
I I I I I I I I I
20 40 60 BO lO0 120 140 160 ]80 200
TlHE,hr
200.OOhr TEST 2.249em THICK
TlffE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-012-325-3
STATIC AIR
6W/A,agIcu 2
0.00
0.09
-0.53
-3.12
-4.95
-6.44
-7.80
-9.05
-10.02
-11,39
-12.67
-14.18
-15.97
-16.29
-21.42
-24.44
Mi BASE
HAR-h-246
SURFACE
200 hr
STANDARD SURFACE
SPINEL. aO:8.tOA.
NiO
SPINEL. aO:8.2SA.
TRI(RUT]LE),d{1|O)_3.3OA.
Cr2O 3
COHHERCIAL CAST GAHHA/GAHHA PRIME ALLOTS
I100°C 1.OOhr CYCLES 200.OOhr TEST
X-RAT DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
MiO
SPINEL, aO=8.30A.
TRI(RUT[LE),d(llO)_3.30A.
FACE CENTERED CUBIC HATRIX
02-04-012-325-3
2.249== THICK STATIC AIR
lOl
NI BASE COLIFiEHC[AL CAST GAMMA/GAMMA PRIME ALLOYS
LIAR M-421
O 10
0
0
0
t I I I I I I I
20 30 ,10 50 60 70 BO 90 100
TIME,hr
02-04-013-322-1
IISO'C l.OOhr CYCLES lO0.OOhr TEST 2.1Olmm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME,firo.o0 AW/A6m_oCm2.
1.00 -0.06
15.00 -6.03
30.00 -9.05
45.00 -14.93
60.00 -25.84
75.00 -46.09
90.00 -95.81
100.00 -12B.66
Ni BASE
MAR-M-421
SURFACE
100 hr
STAXDARD SURFACE
NiO
SPINEL, B0:O.]0A.
Cr203
TRI(RUTILE),d(II0)_3.30A.
FACE CENTERED CUBIC MATRIX
COtI_IERCIAL CAST GAMLIA/GAMMA PRIME ALLOYS
IIS0"C 1.00hr CYCLES 100.00hr TEST 2.1Bl®m THICK
X-RAY DIFFRACTION DATA
SPALL
100 fir
COLLECTED SPALL
NiO
SPINEL, aO:B.3OA.
NI(W,Mo)O 4 TYPE 1
TRI(RUTILE),d(lIO)(3.30A.
CP203
UNKNOWN LINES, d VALUES
2.76A.
02-04-013-322-1
STATIC AIR
102
Hi BASE
MAR-M-421
0.0
u
• -25.0
(.D
u -50 .0
w
o..
-7S,0
) i
v
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
llO0"C l.OOhr CYCLES
SPEC[F1C WEIGHT CHANGE DATA
0
0
0
0
0
0
0
I I I I I I [ _ I
20 40 60 80 100 120 140 160 180 200
T]ME.hr
200.OOhr TEST 2.1B3mm THICK
IHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
155.00
130.00
145.00
160.00
175.00
190,00
200.00
02-04-013-325-1
STATIC AIR
6M/A,mB/Cm 2
0.00
0.68
-0.27
-4.90
-5.70
-6.90
-8,46
-I0.$4
-12.35
-15.85
-20,49
-26.58
-34.25
-44.94
-60.43
-74.11
Ni BASE
MAR-M-421
SURFACE
200 hr
STANDARD SURFACE
NiO
SP]NEL. aO=8.30A.
Cr20)
TRI(RUTILE),d(110)_3.30A.
Ni(H,Mo)O 4 TYPE 1
FACE CENTERED CUBIC MATRIX
COMMERCIAL CAST GAMHA/GAMHA PRIME ALLOTS
1100"C 1.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
SPINEL. eO:8.2SA.
Ni(M.Mo)O 4 TYPE I
TRI(RUTILE).d(ItO)_3.)OA.
Cr203
UNKNOWN LINES. d VALUES
2.72A.
02-04-013-325-I
2.183mm THICK STATIC AIR
103
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-021-041-3
NASA-TRW-V1-A t.OOhr CYCLES lO0.OOhr TEST 6.500mm TH[CK STAT[C AiR
t.O
-0.0
=,
-1.0
-2.0
cJ
ta.
-3.0
-7.0
0
11S0"C
SPECIFIC WEIGHT CHANGE DATA
0
I I I I I I I I I
I0 20 30 40 50 60 70 BO 90 I00
TIHE,hr
TIME,hr AWIA,m91cm 2
0.00 0.00
t4.00 0.65
28.00 0.26
42.00 -1.01
56.00 -1.62
70.00 -2.30
06.00 -3.09
100.00 -3.87
Ni BASE COMMERCIAL CAST GAIIMA/GAMMA PRIME ALLOYS
NASA-TRW-VI-A IISO'C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
TRI(RUTILE).d(IIO)(3.3OA. NIO
SPINEL. aO:B.15A. TRI(RUTILE).d(ItO)53.)OA.
A}203 SPINEL, aO:B.ISA.
FACE CENTERED CUBIC rIATRIX
02-04-021 041-3
6.SOOmm THICK STATIC AIR
]04
N; BASE
NASA-TRg-Vi-A
-25
u
f_
z
L)
-50
¢1.
u_
-75.
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
ilSO'C t.OOhr CYCLES
SPECiFiC WEIGHT CHANGE DATA
0
0
0
I I I I I I i I I (
10 20 30 40 50 60 70 80 90 100
T[ME,hr
IOO.OOhr TEST 6.400mm THICK
TIME,hr
0.00
tO.O0
25.00
40.00
55.00
70.00
85.00
IO0.O0
02-04-021-078-3
STATIC A[R
&W/A,m9/cm 2
0.00
-1.58
-4.06
-7.33
-II.26
-22.05
-58.43
-91.95
Ni BASE
NASA-TRg-V[-A
SURFACE
I00 hr
STANDARD SURFACE
TR[(RUTILE),d(IlO)_3.3OA.
NiO
SPINEL, aO:B.IOA.
ZrO 2
FACE CENTERED CUBIC MATRIX
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
IISO*C 1.OOhr CYCLES lO0.OOhr TEST
X-RAY. D[FFRACT[ON DATA
SPALL
tO0 hr
COLLECTED SPALL
TRI(RUTILE),d(tIO)(3.3OA.
AI O 3
TRI(RUT[LE),d(IIO)_3.3OA.
UNKNOWN LINES, d VALUES
3.13A.
2.B7A.
0.90A.
02-04-021-078-3
6.400mm TH[CK STATIC AIR
105
Ni BASE 02-04-021-078-6
NASA-TRU-VI-A tOO.OOhr TEST 6.530mm THICK STATIC AIR
-l.
E
-3.
z
;iz
u
La_
w -6.0
(I
-0 ,S
COMMERCIAL CAST GAtiMA/GAMMA PRIME ALLOYS
I150"C l.OOhr CYCLES
SPECIFIC NEIGHT CHANGE DATA
0
0
0
I I I I I I I I l
I0 20 30 40 50 60 70 80 90 I00
TIME,hr
TIME,hr
0.00
10.00
25.00
40.00
55.00
70.00
05.00
]00.00
A_/A,m$/cm2
0.00
-0.44
-I.08
-I.87
-2,78
-4.50
-6.33
-0.27
Ni BASE
NASA-TRH-VI-A
SURFACE
IO0 hr
STANDARD SURFACE
TRI(RUTILE),O(IIO)(3.3OA.
SPINEL, aO=B.IOA.
A1203
ZrD 2
NiO
FACE CENTERED CUBIC MATRIX
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I150"C I.OOhr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
lO0 hr
COLLECTED SPALL
NIO
TRI(RUTILE),dIIIO)_3.3OA.
TRI(RUTILE),d(IIO)>3.3OA.
TRI(RUTILE),d(IIO)(3.3OA.
SPINEL, ao=B.OSA.
UNKNOHN LINES, d VALUES
2.91A.
02-04-021-078-6
6.S30mm THICK STATIC AIR
106
Hi BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
NASA-TRW-VI-A
-0.0
u
-i.o
-2.0
-J.O
I
10
0
0
02-04-021-]01-4
1150"C I.OOhr CYCLES |O0.0Ohr TEST 2.787mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
0
0
I I I I I I I I
20 30 40 SO 60 70 80 90 |00
TIME,hr
TlME,hro.o0 AH/Aom_ocm2.
1.00 0.43
15.00 0.59
30.00 0.01
45.00 -0.65
60.00 -1.30
75.00 -2.03
90.00 -2.00
100.00 -3.26
Hi BASE
NASA-TR_-VI-A
SURFACE
100 hr
STANDARD SURFACE
AI 03
TRI(RUTILE),d(tlO)(3.3OA.
SPINEL, aO=B.15A.
FACE CENTERED CUBIC MATRIX
COHMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
II50*C 1.00hr CYCLES ]00.00br TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
TRI(RUTILE),d(II0)>3.30A.
TRI(RUTILE).d(II0)().30A.
H;O
SPINEL. ao=O.OSA.
02-04-021-101-4
2.787mm THICK STATIC AIR
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Ni BASE
NASA-TRN-VI-A
O.
¢J
E
i
L)
-2.0
I
10
COIIrIERCIAL CAST GAHrIA/GArlMA PRIME ALLOYS
0
0
llSO'C I.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
I I I f I I I
20 30 40 SO 60 70 80
TIME,hr
I
90 O0
02-04-021-I01-5
2.690mm THICK STATIC AIR
TIHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
aN/A,mg/cm 2
0.00
0.28
-0.08
-0.97
-1.73
-2.39
-2.98
-3.66
-4.13
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Ni BASE
NASA-TRN V[ A
-0 .C
u -l .C
c_
.i
i
u
_h
-2.0H
_V
(J
LL
Q_
cn
-3.0
,Io I I I
0 I0 20 30
COrilIERCIAL CAST GAIIMA/GAMrIA PRIME ALLOYS
]150"C ].OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
I I I I
40 50 60 70
TIME,hr
I
BO
I
90 I00
lO0.OOhr TEST l.I50mm THICK
TIME,hr
0.00
1.00
I5.00
30.00
45.00
60.00
75.00
90.00
I00.00
02 04-021-129-I
STATIC AIR
AW/A,m9/cm 2
0.00
0.32
-0.50
-1.25
-1.70
-2.15
-2.61
-3.24
-3.81
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Ni BASE COHMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS 02-04-021-|29-3
NASA-TRW-VI-A IISO'C i.OOhr CTCLES lO0.OOhr TEST 2.291mm THICK STATIC AIR
-0.0
L_
•_ -s.0
o_
-I0.0
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
I I I I I I I I I
10 20 30 40 .50 60 70 DO 90 I00
TlHE,hr
TIHE,hr
0.00
t.O0
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
6WIA,mglcm2
0.00
0.56
-0.04
-1.17
-2.52
-4.52
-6.33
-8.87
-11.01
II0
Ni BASE
NASA-TRW-VI-A
0.0
2._
u
-/.5
COrlMERCIAL CAST GAMrIA/GAMIIA PRIME ALLOTS
I150°C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
I
I0
0
0
I I I t I I i I
20 30 40 .SO 60 70 BO 90 100
TIME,hr
lO0.OOhr TEST 2.293mm THICK
TIME.hr
0,00
l.O0
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
02-04-02_-t29-4
STATIC AIR
AW/A,mg/cm 2
0.00
O.S1
0.34
-0.86
-2.13
-3.75
-S.ll
-6.52
-7.68
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NI BASE 02-04-021-129-5
NASA-TRH-VI-A 100.OOhr TEST 1.14Ymm THICK STATIC AIR
-0.0
-! .0
z
-2.(]
-3.0
O3
-4 .Q
COlIMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
ItSO'C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
[ I I
10 20 30
[ 1 I I. I I
40 50 60 70 BO 90 100
T[HE,hr
TIHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
IO0.O0
AW/A,m9/cm 2
0.00
0.39
-0.32
-1.01
-1.4B
-1.99
-2.53
-3.23
-4.20
NI BASE
NASA-TRH-VI-A
SURFACE
100 hr
STANDARD SURFACE
SPINEL. ao:B.lOA.
TRI(RUTILE),d(IIO)_3.]OA.
AI203
ZrO 2
FACE CENTERED CUB[C MATRI_
COtirI!ZRCIAL CAST GAt4HA/GAMHA PRIME ALLOYS
I150"C l.OOhr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)(3.3OA.
Ni(_,Mo)04 TYPE 1
SPINEL, aO:O.1OA.
TRI(RUTILE),d(IIO)(3.JOA.
A[2O 3
02-04-021-129-5
1.149mm THICK STATIC AIR
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N; BASE 02-04-021-129-6
NASA-TRH-VI-A STATIC AIR
-0.0
-s.(
c..l
N -IOl
I.L
-IS.C
. I
10
COMMERCIAL CAST GAMMA/GAMMAPRIME ALLOTS
tlSO'C I.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I i I i i
20 30 40 SO 60 70 80 90 I00
TIME.hr
lO0.OOhr TEST 2.292as THICK
TIHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
0.7d
0.45
-I.36
-3.60
-7.16
-10.44
-t3,4S
-tS.Gt
Ni BASE
NASA-TRH-VI-A
SURFACE
100 hr
STANDARDSURFACE
SPINEL, aO:O,lOA.
TRI(RUT[LE),d(ttO){3.3OA.
AI203
ZrO 2
FACE CENTERED CUBIC MATRIX
COMHERCIAL CAST GAHMA/GAHMAPRIME ALLOTS
1150"C t.OOhr CYCLES tOO.OOhr TEST 2.292mm THICK
X-RAY DIFFRACTION DATA
SPALL
I00 hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(ttO)_3.3OA.
Ni(M.Ho)04 TYPE I
SPINEL, ao:B.IOA.
02-04-021-129,6
STATIC AIR
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Ni BASE
NASA-TRW-VI-A
-0.0
o
E
_. -5.
u.
g
o-
m
-].
COM_XERCIAL CAST GA_tIA/GAMMA PRIME ALLOYS
I150°C 1.00he CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I I I I I I i
10 20 30 40 50 60 70 80 90 100
TIME.hr
100.OOhr TEST 2.754mm THICK
TIME,hr
0.00
t.O0
15.00
30.QO
45.00
60.00
75.00
90.00
100.00
Ni BASE CBt_MERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
NASA-TRH-VI-A 1150"C t.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED 5PALL
Cr20 ] NiO
At203 TRI(RUTILE),d(IIO)>3.3OA.
TRI(RUTILE),d(IIO)(3.3OA.
FACE CENTERED CUBIC MATRIX
UNKNOWN LINES, d VALUES
1.43A.
1.38A.
1.06A.
2.754mm THICK
02-04-021-204-2
STATIC AIR
0.33
-1.45
-2.B6
-4.06
-5.20
-6.38
-7.72
-8.96
02-04-021-204-5
STATIC AIR
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Ni 6ASE
NASA-TRH-VI-A
u 0+0
4.a
c.m
-1.0
I
10
COHHERCIAL CAST GAHHA/GAHMA PRIHE ALLOYS
u
°0
&
I
2O
0
02-04-021-001-6
1100"C 1.00hr CTCLES lO0,OOhr TEST
SPECIFIC MEIGHT CHARBE DATA
cb
B
0
I I i t I I I
30 40 50 60 70 60 tO
TIHE,hr
0 02-04-021-001-6
0 02-04-021-001-1
02-04-021-001-2
= 02-04-021-001-3
02-04 021-001-4
0_-04-021-001-5
¢ 02-04-021-010-4
02-04-021-010-£
SURFACE
6 hr
STANDARD SURFACE
TRI(RUTILE),d(I10)_3.30A.
AI20 $
SPINEL. el.6.10k.
SPINEL. eozO.3OA.
FACE CENTERED CUBIC MATRIX
SURFACE
100 hr
STANDARD SURFACE
TRI(RUTILE),d(IlO)_3.30A.
SPINEL, eo:B.IOA.
AI203
TIHE.hr
0.00
8.00
24.00
48.00
72.00
I00.00
TIHE,Nr
0.66
0.06
TIHE.hr
0.00
6.00
24.60
TIHE.kr
I.II
8.60
24.06
46.06
TlHE.hr
0.00
6.00
24.01
48.00
72.00
TlflE.br
0.00
8.00
24.60
46.00
72.60
100.60
TIHE,hr
0.00
160 8.00
24.00
40.00
72.86
100.06
TIHE.hr
6.06
0.06
24.06
40.06
72.60
160.06
6.SOOma THICK
X-RAY DIFFRACTION DATA
BPALL
O hr
NO SIGNIFICANT SPALL OBSERVED 001-1
STATIC AIN(TN 0-7484)
AMIA.u91CO 3
0.00
O.Sd
0.63
0.25
-0.18
-0.61
ARIA,no/co2 001-1
0.00
0.73
AMIA,oBIcI20|I-2
6.66
0.4t
6.37
AH/A,mglcilO01-3
0.6|
0.65
0.14
-0.13
6.56
0.4P
1.36
-I.OS
lMIA,eItCeBO61-J
8.lO
1.17
1.44
1.18
-1,34
-1,74
+MIA,IBICl_010-I
0.00
0.89
0.67
6.01
-0.31
-1.05
AM/A.oBIcm_OIO-5
0.06
6.d2
6.70
0.28
-6.30
-1.83
SPALL
160 hr
COLLECTED SPALL
TRI(RUTILE),d(IIO)&).36A.
Cr203
601-S
FACE CENTERED CUBIC flATBlX
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Ri BASE
NASA-TRM-VI-A
COMMERCIAL CAST GAHHA/GAMHA PRIME ALLOYS
0
0
IIO0°C 1.00hr CYCLES IO00.OOhr TEST 6.240mm THICK
SPECIFIC WEIGHT CHANGE DAIA
0
0
0
0
0
T|HE,hr
0.00
1.00
15 O0
30.00
45.00
60.00
75.00
90.00
100.00
200.00
300.00
400.00
SO0.O0
600.00
700.00
BO0.O0
900.00
1000.00
0. @ _-IrJrrlo,h
%
u -25.
Ii
.I
-SO
-75.0
1
100
t I I I I I I i
200 300 400 SO0 600 700 BOO 900 1000
TIHE,hr
02-04-021-103-1
STATIC AIR
AHIA,mglc| 2
0.00
0.15
0.40
0.66
0.57
0.47
0.37
0.27
0.19
-0.94
-2.56
-4.19
-5.83
-B.S3
-16.76
-29.72
-52.64
-01.11
ii BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
NASA-TRM-VIoA 1100°C I.OOhr _YCLES lOOO.OOhr TEST
X-RAY DIFFRACT[ON DATA
SURFACE SPALL
500 hr 500 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
TRI(RUTILE).d(II0)>3.30A.
TRI(RUTILE).d(110)_3.30A.
NiO
SPINEL. a0=B.20A.
600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
RiO
TRI(RUTILE).d(ttO)_3.3OA.
TRI(RUTILE).d(I10)+3.30A.
SPINEL, ao:B.ISA.
02-04-021-103-1
6.240ee THICK STATIC AIR
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Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS 02-04-021-103-2
NASA-TRW-VI-A IIO0"C l.OOhr CYCLES lO00.OOhr TEST 6.240mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
%
u
z
,j
o.
cn
0 0
-50.0
-I00.0
0
0
0
(
1 l 1 1 1 l l l l
100 200 300 400 SO0 600 700 BOO 900 1000
TIME.hK
TIME.
O.
I.
15.
30
AS
60
75
90
I00
200
300
400
500
600
700
BOO
900
I000
hr
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
O0
AH/A.mg/cm 2
0.00
0.12
0.34
0.61
0.£3
0.45
0.40
0.31
0.19
-0,77
-2.49
-4.32
-6.$I
-12.13
-32.45
-56.37
-B6.57
-IIS.12
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
NASA-TRW-VI-A IlO0"E l.OOhr CYCLES lOOO.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
SO0 hr 500 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
HiO
SPINEL. ao:O.2SA.
TRI(RUTILE),d(IIO)>3.3OA.
600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
WiO
TRI(RUTILE),d(IIO)>3.3OA.
SPINEL, Bo:B.ISA.
02-04-021-I03-2
6.2_0.m THICK STATIC AIR
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Ni BASE
NASA-TRW-V[-A
COMMERCIAL CAST GAHffA/GAffMA PRIME ALLOYS
]IO0"C 1.00hr CYCLES IO00.0ehr TEST 6.240un THICK
SPEC]FIC HEIGHT CHANGE DATA
0
0
0
0
TlflE.hr
0.00
1.00
1S.00
30.00
45.00
60.00
75.00
90.00
100.00
200.00
300.00
400.00
SO0.O0
600.00
700.00
800.00
900.00
1000.00
-0.1_
-S.O
u
z
z
c.J
c_
-I0.0
u
Q.
-IS.O
I
100
J I I 1 I ,1 I I
200 300 400 SO0 600 700 BOO 900 I000
TIME,fir
02-04-021-103-6
STATIC AIR
AH/A.no/Cm 2
0.00
0,19
0.43
0.46
0.23
0.11
0.06
-0.01
-0.06
-O.5A
-1.96
-3.12
-4.03
-S.26
-6.91
-8.25
-11.76
-17.29
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
NASA-TRH-V|-A 1100"C l.OOhr CYCLES IO00,OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
SO0 hr SO0 hr
SURFACE NOT SATISFACTORY-NO ARD COLLECTED SPALL
TRI(RUTILE),d(IIO)_3.30A.
NiO
TRI(RUTILE).d(I10)_3.JOA.
SPINEL. 81=0.25A.
Al203
600 hr 600 hr
SURFACE NOT SATISFACTORY-NO XRD COLLECTED SPALL
NiO
TRI(RUTILE),d(110))3.30A.
TRI(RUTILE),d(I10)_3,30A.
SPINEL, |0:8.25k.
UNKNOMN LINES. d VALUES
1.72A.
1.26A.
02-04-021-103-6
6.240mm THICK STATIC AIR
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Ni BASE
NASA-TRW-VI-A
-0.0
z
cJ
-I .0
u_
-2.0
N; BASE
NASA-TRW-VI-A
I
2O
COHMERCIAL CAST GAMMA/GANMA PRIME ALLOYS
IIO0°C l.OOhr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0
I I I I I I I I
40 60 BO 100 120 140 160 180
TIME0hr
SURFACE
200 hr
STANDARD SURFACE
SPINEL, ao:B.lOA.
A1203
TRI(RUTILE),d(IIO)(3.3OA.
2O0
2.737mm THICK
TIME,hr
0.00
1.00
lS.O0
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
CBMrlERC[AL CAST GAMNA/GAMMA PRIME ALLOYS
I]O0"C l.OOhr CYCLES 200.OOhr TEST
X-RAY D[FFRACTIBN DATA
SPALL
200 hr
CBLLECTED SPALL
SPINEL, ao:B.OSA.
02-04-021-190-6
STATIC AIR
AW/A,mg/cm 2
0.00
0.33
-0.19
-0.33
-0.35
-0.44
-0.57
-0.82
-0.97
-1.21
-1.48
-1.64
-1.76
-2.16
-2.10
-2.32
02-04-021-190-6
2.737mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
119
N_ liASE
NASA-TRH-VI-A
O.S F
0.4
u
o.J|
_ o.2
|.1
0.0
2
Q
B
&
COfl_ERCIAL CAST GAMNA/GANNA PRtfl[ ALLOTS
IO00"C l.OOhr CYCLES IO0.OOhr TEST
SPECIFIC HEISHT CHANGE DATA
0
B
A
b
dp
o 0
0
O0
e
I J I I I I J
10 20 30 40 50 60 ?0
Title .br
0 02-0A-021-00S-4
B 02-04-i21-101-1
a 02-04-021-00S-2
m 02-04-|21-0iS-)
02-04-121-01$-4
a 02-04-021-006-i
0 02-04-021-009-2
6.SODom THICK
TIHE,hr
0.00
0.00
24.00
4E.00
74.00
100.00
TlHE,hr
0.00
0.00
TlHE.hr
0.00
E.00
24.00
TlHE,hr
0.00
0.00
24.00
48.00
TlME,br
0.00
0.00
24.00
48.00
7d.SO
T|HE,hr
0.00
0.00
24.00
4e.se
74.00
100.00
T|HE,kr
0.00
14.00
2E.00
41.00
72.00
100.SO
SS.00
8S.eO
02-0A-021-00S-6
STATIC AIR(TN D-74|4_
O.)S
O.)E
0.37
0.40
0.44
0.$3
6H/Ail_;c,' OOS-2
0.29
0.32
AN/AIml;C,_ OOS-$
0.31
0.35
O.)t
A.,,+?|;.' 0.-,
1.)4
0.37
0.43
0.)7
AHIA.I|ICl 3 IOS-S
l.ll
I.)I
O.3S
O.3I
1.37
0.43
AM/A,ao/cm2 SOt*|
0.00
1.25
0.33
0.)6
0.A0
0,42
0.36
1.41
SURFACE
0 hr
STANDARD SURFACE
TRI(RUTILE).d(IIO)£J.)OA.
AI2O _
SPINEL. ll.I.IOA.
FACE CENTERED CUBIC MATRIX
SURFACE
100 hr
STANDARD SURFACE
TRI(RUTILE),d(lIO)_3.30A.
kt_O)
SPINEL, IIJl.iIA.
FACE CENTERED CUBIC HATRIA
X-HAT DIFFRACTION DATA
SPALL
I hr
NO SIGNIFICANT SPALL D|SERVED
X-RAT DIFFRACTION DATA
SPALL
IS0 kr
NO SIGNIFICANT SPALL OBSERVED
005-1
S05-5
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Ni BASE
NX-188
-10
,j
Igl
z
-20
o.
-30
COHMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
tlSO*C l.OOhr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
I I I I I I I I I
0 tO 20 30 40 50 60 70 80 90
TIME,hr
I
O0
lO0.OOhr TEST 2.632mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
lO0.O0
02-04-027-102-3
STATIC AIR
6g/A,m9/cm2
0.00
-0.92
-4.91
-9.99
-14.99
-20.04
-25.61
-32.53
-37.87
Ni BASE COIIMERC[AL CAST GAMMA/GAMMA PRIME ALLOYS
NX-IB8 1150"C l.OOhr CYCLES tO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE 5PALL
100 hr tO0 hr
STANDARD SURFACE COLLECTED SPALL
NiO CoO
SPINEL, ao:B.lOA. SPINEL, ao:B.OSA.
SPINEL. ao:B.25A.
FACE CENTERED CUBIC MATRIX
UNKNDWR LINES, d VALUES
2.66A.
1.60A.
O.90A.
O.BOA.
02-04-027-I02-3
2.632mm THICK STATIC AIR
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Ni PASE
NX-188
o.
-25
-50.
I
I0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
0
IISO'C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC NEIGHT CHANGE DATA
0
0
I I I I I I I
20 30 40 SO 60 70 80
TIME,hr
• I
90 100
02-04-027-102-6
2,640mm THICK STATIC AIR
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
IO0.O0
_N/A,mg/cm2
0.00
-1.27
-6.00
-13.07
-19.93
-32.45
-42.61
-55.42
-61,88
122
Ni BASE
NX-IBB
-0.0
-! .0
u
(J
-2.o
-3.0
COMMERCIAL CAST GAM_IA/GAMMA PRIME ALLOYS 02-04-027-I]9-4
1150"C IO0.OOhr CYCLES lOO.OOhr TEST 2.662mm THICK STATIC AIR
SPECIFIC WEIGHT CHANGE DATA
TIME,hr Ag/A,mg/cm2
0.00 0.00
100.00 -3.2S
i
I I I I I I I I I
I0 20 30 40 SO 60 70 80 90 O0
TIME,hr
Ni BASE CDMIIERCIAL CAST GAMHA/GA_MA PRIME ALLOYS
NX-lOB IlSO'C lO0.OOhr CYCLES
X-RAT DIFFRACTION DATA
SURFACE SPALL
100 hr tO0 hr
STANDARD SURFACE COLLECTED SPALL
NiO NiO
AI2O _ SPINEL. ao:O.OSA.
SPINEL, ao:8.0SA. AI203
Ni IN SPALL
FACE CENTERED CUBIC MATRIX
lO0.OOhr TEST
02-04-027-13_-4
2.662mm THICK STATIC AIR
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NI BASE CDHtlCRCIAL CAST CAMtiA/GAi'IMA PRIME ALLOYS 02-04-025-I08 6
RENE 80 I150°C 1.00hr CYCLES 100.00hr TEST 1.807mm THICK STATIC AIR
-100.0
E
z
-200.
-300
SPECIFIC WEIGHT CHANGE DATA
O
O
O
I 1 I I I I I I I
10 20 30 4(] 50 60 70 80 90
Title .hr
00
TIME.hr
0.00
1.00
IS.00
30.00
45.00
60.00
75.00
90.00
lO0.O0
AN/A.mg/cm2
0.0(]
0.57
-14.61
-78.76
-148.63
-214.87
276.58
-336.24
-373.88
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Ni BASE
RENE 80
0.(
,r.w
'-' -100 .(
E
cJ
o 200.0
u_
u
w
o_
-300.0
-,_oo.o l
10
Ni BASE
RENE BO
CO{.IIIERCIAL CAST GAMrIA/GAMIiA PRIME ALLOYS
1150°C 1.00hr CYCLES
SPECIFIC I!'£[GHT CHANGE DATA
O
I I I I I I I I
20 30 40 SO 60 70 BO 90
TIME.hr
SURFACE
I00 hr
STANDARD SURFACE
Cr2O3
NiO
FACE CENTERED CUBIC MATRIX
i
00
t00,00hr TEST 1.7S0mm THICK
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
COMMERCIAL CAST GAM_tAIGAMMA PRIME ALLOYS
1150°C 1.00hr CYCLES 100.00hr TEST
X-RAY DIFFRACIION DATA
SPALL
I00 hr
CDLLECTED SPALL
NiO
TRI(RUTILE),d(1101_3.30A.
TR[(RUTILE),d(II0)_3.30A.
1.7S0mm THICK
02-04-025-108-3
STAIIC AIR
0.51
-11.10
-76.73
-t49.77
-218.91
-281.64
-341.71
-380.00
02-04-025-108-3
STATIC AIR
125
Ni BASE
RENE 80
O.O)
-100.
u
z
-200
-3oo
-400
0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1100"C 1.00hr CYCLES
SPECIFIC MEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0
q
I I I I I I 1 I
20 40 60 80 100 120 140 160 200
TlME0hr
0
0
1
180
200.OOhr TEST 1.799mm THICK
TIHE.hr
0.00
t.O0
15.00
30.00
45,00
60.00
75,00
90.00
I00.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-025-232-3
STATIC AIR
A¼/A.sg/CS2
0.00
0.92
-1.81
-17.56
-58.21
-90.91
-126.57
-163.B9
-187.14
-226.20
-262.37
-297.4t
-333.77
-369.87
-403.B7
-426.45
Ni BASE COMMERCIAL CAST GAMMA/G&_A PRIME ALLOTS
RENE 90 1100"C 1.00hr CYCLES 200.OOhr TEST
X-RAT DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
Cr2O 3 M;O
SPINEL. OO=8.3OA. SPINEL. al=e.2OA,
NiO
FACE CENTERED CUBIC MATRIX
02-04-025-232-3
1.798ia THICK STATIC AIR
126
Ni BASE
RENE 120
O.
u
-2s.
o
(3-
-SO.
COIiMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
1150"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
(
I I ] I [ I I [ I
10 20 30 40 50 60 70 flO 90 lOB
TIME,hr
100.OOhr TEST 0.79Smm THICK
TIME,hr
0.00
1.00
15.00
30.00
45,00
60.00
75.00
90.00
IO0.O0
02-04-016-108-4
STATIC AIR
0.84
-0.89
-4.53
-12.34
-24.03
-35.54
-48.77
-57.63
Ni BASE
RENE 120
SURFACE
IO0 hr
STANDARD SURFACE
TRIFRUTILE),d(tIO)(3.3OA.
FACE CENTERED CUBIC MATRIX
COIIrIERCIAL CAST GAFIHA/GAMMA PRIME ALLOYS
1150"C 1.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 he
COLLECTED SPALL
NIO
TRI(RUTILE),B(IIQ)>3.30A.
TRI(RUTILE),d(IIO)(3.3OA.
TRI(RUTILE),d(IIO)(3.30A.
UNKNOWN LINES, d VALUES
2.89A.
3.69A.
2.95A.
1.75A.
02-04-016-I08-4
0.79Smm THICK STATIC AIR
127
0,0
U
o=
-25,0
-$0.0
COHHERCIAL CAST GAHHA/GAHHAPRIHE ALLOYS
v
o
02-04-016-108-5
IISO'C l.OOhr CYCLES IO0.OOhr TEST 0.733u THICK
SPECIFIC WEIGHT CHANGEDATA
TlNE,hr
0.00
1.00
15.00
30.00
45.00
60.00
7S .00
90.00
IO0.O0
STATIC AIR
AM/A,mg/cm2
0.00
0.87
0.04
-2.59
-9.34
-20.85
-32.35
-45.07
-53.30
0
, i I I I I I I I '
10 20 30 40 SO 60 70 80 90 100
TIHE,hr
128
Hi BASE
REN( 120
0.0 d
u "10.0
z
(.J
"* -20
a.
ul
-30
-40.0
COEHERC[AL CAST GAHflA/GAHHA PRIHE ALLOYS
|10O'C 1.00hr CYCLES 200.O0_r TEST
SPECIFIC HEIGHT CHANGE DATA
0 0
0
0
0
0
0
0
0
0
0
0
(
I I I I I I I I 1 ,
20 40 60 80 100 120 140 160 180 200
T]ME,hr
TlME,hr
O.O0
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.B0
130.00
145.00
160.00
175.00
190.00
200.00
02-04-016-232-6
O.BOOm8 THICK STATIC AIR
AH/A,|B/Cm 3
0.00
0.64
0.96
0.96
0.76
-O.OS
-1.74
-4.36
-6.3B
-10.$6
-15.23
-19.63
-24.54
-29.6B
-34.61
-38.$7
Ni BASE
RERE 120
SURFACE
200 hr
STANDARD SURFACE
SPINEL, ao=B.15A.
TRI(RUTILE).d(IlO)£3.30A.
Cr203
COMMERCIAL CAST GANMA/GAHMA PRIME ALLOYS
1100"C I.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
RiO
SPINEL. al=g.2Ok.
TRI(RUTILE).d(110)I3.3OA.
FACE CENTERED CUBIC MATRIX
02-04-016-232-6
O.BOOmm THICK STATIC AIR
129
Ni BASE CDMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
RENE 125
0.0
-I0.0
E
z
_ -20.0
cJ
u_
t_
a_
-30.
0
0
0
(
I I t I ! I I I I
iO 20 30 _0 50 60 70 80 90 I00
TIME ,hr
02-04-017-322-4
I150°C l.OOhr CYCLES lO0.OOhr TEST 2.340mm THICK STATIC AIR
SPECIFIC WEIGHT CIIANGE DATA
TIME,hr AWIA,mglcm2
0.00 0.00
1.00 0.48
15.00 -0.91
30.00 -2.19
45.00 -5.47
60.00 -10.55
75.00 -17.57
90.00 -26.65
lO0.O0 -]4.69
Ni BASE COMHERCIAL CAST GAMMA/GAHMA PRIME AIILOYS
RENE 125 IlSO'C l.OOhr CYCLES ]O0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr IO0 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:8.1OA. NiO
TRI(RUTILE),d(IlO)_3.]OA. NI(W,Mo)04 TYPE 2
SPINEL, ao:B.25A. SPINEL, ao:B.30A.
A1203 TRI(RUTILE),d(IIO)_3.3OA.
Hf02
UNKNOWN LINES, d VALUES
FACE CENTERED CUBIC MATRIX ].14A.
4.97A.
4.38A.
02-04 017-322-4
2.340mm TH[CK STATIC AIR
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Ni BASE 02-04-017-325-4
RENE 125 200.OOhr TEST 2.341mm THICK STATIC AIR
0 .0_
u
i
u -10.0
LL
O-
U)
-20 .(
COHrlERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
II00"C 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
) 0 0 0
0
0
0
0
(
I I I I I I I I I
20 40 60 80 100 120 140 160 180 200
TIHE,hr
TIHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
AW/A,mg/cm2
0.00
0.33
0.31
-0.01
-0.27
-0.74
-1.29
-1.94
-2.68
-4.28
-5.90
-8.15
-10.93
-14.43
-1B.09
-20.97
Ni DASE
RENE 125
SURFACE
200 hr
STANDARD SURFACE
SPINEL, aO:8.25A.
SPINEL, ao:B.1OA.
TRI(RUTILE),d(110)(3.30A.
Ni(W,flo)D4 TYPE I
Cr2O3
Hf02
FACE CENTERED CUBIC MATRIX
CDMrlERCIAL CAST GAflMA/GAMrIA PRIME ALLOYS
IIO0"C 1.00hr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
Ni(W,Mo)04 TYPE 1
TRI(RUTILEI,dlttOI_3.30A.
SPINEL, ao:B.3OA.
02-04-017-325-4
2.341mm THICK STATIC AIR
131
Ni BASE 02-04-019-101-1
TAZ-BA 1.6S7mm THICK STATIC AIR
0.0
L_
z
-25.0
H
-SO .0
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
1150°C 1.OOhr CYCLES 100.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
___D_ ...... _)
0
__L__X_ I I 1 I I I I
tO 20 30 40 SO 60 70 BO 90 I00
TIME,hr
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
AW/A,mg/cm 2
0.00
0.40
O.5B
-0.60
-3.25
-11.55
-25.05
-41.11
53.65
132
Ni BASE 02 04 019-101-2
TAZ 8A 1.600mm TIIICK STATIC AIR
10.
(J
iz
rlz
_ -20.
o_
co
_I0.
N_ BASE
TAZ-8A
0
SURFACE
I00 hr
STANDARD SURFACE
TRItRUTILE),d(IIO)_3.]OA.
AI2D3
SPINEL° ao-B.lOA.
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
I150°C l.OOhr CYCLES lO0.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I I I I I I I
I0 20 ]0 40 50 60 70 80 90 I00
TIHE,hr
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
1150°C l.OOhr CYCLES lO0.OOhr TEST
X RAY DIFFRACTION DATA
SPALL
bOO hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)(3.3OA.
TlME,hr
O.Ofl
1.00
IS.O0
30.00
45.00
60.00
75.00
90.00
I00.00
AWIA,mg/cm 2
0.00
0.41
-l.IS
-1.69
-3.21
-6.91
-16.33
_30.IS
-41.34
02 04-019-I01-2
1.6ROmm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
133
Ni BASE
TAZ 8A
0.[
u
E
-so.o
z
u_
o._
-100.0
I
10
EXPERIMENTAL MOT WORKED GAMMA/GAMC4A PRIME ALLOYS
0
o
11S0"C t.OOhr CYCLES 100.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
0
I I I I I I I I
20 30 40 50 60 70 80 90
TIHE,hr
100
02-04-0tg-t07-3
2.433mm THICK STATIC AIR
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
t00.00
ANIA,m91cm2
0.00
0.23
-2.17
-8.10
-19.04
-39.37
-79.07
-100.63
-120.87
134
Ni BASE EXPERIMENTAL HOT WORKED GN4MA/GAMFt_ PRIME ALLOYS 02-04-019-107-6
TAZ-BA 2.415mm THICK STATIC AIR
0.0
%
-50 .C
L9
u_
u_ -I00.0
I
I0
0
0
1150°C l.OOhr CYCLES 100.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I I
20 30 40 50 60 70 80 90
TIHE,hr
"TIHE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
100
AW/A,mg/cm2
0.00
0.36
-2.73
-10.30
-23.84
-52.53
-90.48
-115.44
-138.95
NT BASE
TAZ-8A
SURFACE
100 hr
STANDARD SURFACE
NiO
TRI(RUTILE),d(IIO)(3.30A.
SPINEL, ao:B.25A.
FACE CENTERED CUBIC HATRIX
EXPERIMENTAL HOT WORKED GAMMA/GNV_iA PRIME ALLOYS
I150°C l.OOhr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
I00 hr
COLLECTED SPALL
NiO
TRI(RUTILE),d(IIO)(3.3OA.
TRI(RUTILE),d(IIO)(3.30A.
UNKNOHN LINES, d VALUES
2.88A.
02-04-019-107-6
2.415mm TRICK STATIC AIR
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N[ BASE 02-04-019-204-6
TAZ-BA 2.427mm THICK STATIC AIR
O.C)
u
-lO0.[
_ -2o0
Ni BASE
TAZ-BA
EXPERIMENTAL HOT WORKEO _/GAJ_IMA PRIME ALLOYS
IISO'C 1.00hr CYCLES tOO.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
{J
0
SURFACE
lO0 hr
STANDARD SURFACE
TRI(RUTILE),d(IIO)>3.3OA.
NiO
SPINEL. ao:B.25A.
0
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
I I I I I I I I I
10 20 30 40 50 60 70 00 90 100
T[ME,hr
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
1150°C l.OOhr CYCLES 100.00hr TEST
X-RAY DIFFRACTION DATA
SPALL
I00 hr
COLLECTED SPALL
NIO
NiD
TRI(RUTILE),d(IIO))3.30A.
TRI(RUTILE),d(IIO)(3.3OA.
AI203
UNKNOWN LINES, d VALUES
4.69A.
1.17A.
1.12A.
1.06A.
AW/A_?t;cm2
0.22
-2.59
-it.S0
-60.93
-1t5.32
-169.79
-230.20
-266.94
02-04 019-204-6
2.427mm THICK STATIC AIR
136
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-019-321-3
TAZ-BA
2.0
u
z
"= 1.0
o.
0.0
I
tO
,3, o
I I I _ I I I I
20 30 40 SO 60 70 80 90 I00
TIME ,hr
1150"C I.OOhr CYCLES lO0.OOhr TEST 2.315mm THICK
SPECIFIC gEIGHT CHANGE DATA
TIHE,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
tO0.O0
STATIC AIR
AWIA,m9/cm2
0.00
0.72
.69
.99
.99
.91
.65
.08
-0.08
Ni DASE
TAZ-SA
SURFACE
I00 hr
STANDARD SURFACE
SPINEL, ao:B.1OA.
TRI(RUTILE),d(IIO)>3.]OA.
NiO
AI203
ZrO2
FACE CENTERED CUBIC MATRIX
COFIMERCIAL CAST GAMtlA/GAMMA PRIME ALLOTS
IISO°C l.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
I00 hr
CDLLECTED SPALL
NiO
TR[(RUTILE),U(IIO)>3.3OA.
SPINEL. ao:B.IOA.
SPINEL, aO:O.2SA.
NI(W,Mo)04 TYPE 1
UNKNOWN LINES, d VALUES
2.96A.
02-04-019-321-3
2.31Smm THICK STATIC AIR
137
Ni BASE
TAZ-0A
-0.0
u
E
:E(J
o -2 .S
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
IlOO'C 1.00hr CYCLES 100.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
-s.0 I I I I I I I I I
0 I0 20 30 40 50 60 70 BO 90 I00
TIME,hr
2.434mm THICK
TIME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-019-115-1
STATIC AIR
Ag/A_?l_cm2
0.16
0.36
-0.03
-0.48
-1.32
-2.12
-3.37
-4.6B
Ni BASE EXPERIMENTAL HOT WORKED GA/4MA/GAM/,U_ PRIME ALLOYS
TAZ-BA II00°C l.OOhr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.lOA. NIB
TRI(RUTILE),d(IIO)_3.30A. TRI(RUTILE),d_IIO)£3.30A.
AI203 SPINEL, ao:B.1OA.
NiO AI203
SPINEL, aO:B.2SA. SPINEL, ao:B.2SA.
FACE CENTERED CUBIC MATRIX
02-04-019-115-I
2.434mm THICK STATIC AIR
138
Ni BASE
TAZ-SA
-0.0
¢a
z
_- -2.s
-5.0
EXPERIMENTAL HOT WORKED GAHIqA/GA/414A PRIME ALLOYS
ItO0"C 1.00hr CYCLES tO0.OOhr TEST
SPECIFIC WEIGItT CHANGE DATA
0
0
0
0
.__L I I
10 20 30
I I I
40 50 60
T[ME,hr
I I I
70 O0 90 tOO
2.434m® THICK
TIME,hr
O.O0
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-019-115-2
STATIC AIR
0.17
0.34
0.01
-0.45
-1.23
-2.42
-3.81
-5.59
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Ni BASE
TAZ-SA
i
0.0i
o
-10.
i
c_
c_
L_
_o -20
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
110O°C l.OOhr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
I I I I I I I I I
20 40 60 80 130 120 1,10 160 IOO 200
TIIIE,hr
2.B31mm THICK
TIME.hr
0.00
l.O0
15.00
30.00
45.00
60.00
75.00
90.00
100.00
1]5.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-019-190-1
STATIC AIR
AWIA,mg/cm 2
0.00
0.12
0.59
0.33
0.01
-0.36
-1.15
-2.03
-3,16
-4.87
-7.22
-10.34
-12.88
-16.51
-20.97
-26.08
N{ BASE
TAZ-BA
SURFACE
200 hr
STANDARD SURFACE
SPINEL, ao:O.t5A.
AI203
TRI(RUTILE),d(I10)_3.30A.
EXPERIMENTAL HOT WORKED GAMMA/GAFJ, IA PRIME ALLOYS
IIO0"C 1.00hr CYCLES 200.OOhr TEST
X RAY DIFFRACTIDN DATA
SPALL
200 hr
PRDBABtE CROSS-SPALL
Fe203
02 04-019 190-1
2.831mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
140
NI BASE
TAZ 8A
3.0
%
u
2.0
L_.
1.0
LIJ
_n
O.C
Ni BASE
TAZ-SA
COMMERCIAL CAST GAMrlA/GAMMA PRIME ALLOYS
1100°C 1.00hr CYCLES 200.00hr TEST 2.315mm THICK
SPECIFIC NEIGH[ CHANGE DATA
I
20
0
0
o 0
0
0
0 0 0
0
! I I I I I I I
40 60 80 I00 120 140 160 180 200
TIHl-,hr
0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
II00°C l.OOhr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE
200 hr
STANDARD SURFACE
SPI_FI, a0_B.10A.
TRI(RUTILE),d(110)>3._OA.
NiO
Ni(N,Mo)O 4 TYPE I
AI203
FACE CENIERED CUBIC MATRIX
TIME,hr
0.00
l.O0
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
SPALL
200 hr
COLLECTED SPALL
NIO
Ni(N,Mo)04 TYPE I
SPINEL, ao-B.25A.
SPINEL, aO:B.OSA.
TRI(RUTILE),d(IIO)_3.3OA.
A1203
N;(N,Mo)04 TYPE 2
02 04-019-324-3
STATIC AIR
AW/A,mg/cm2
0.00
0.53
I .24
I .57
I .87
2.09
2.26
2.53
2.56
2.78
2.89
2.94
3.01
3.00
3.01
2.95
02 04 019-324-3
2.315mm THICK STATIC AIR
3.57A.
141
Ni BASE CortMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS 02-04-032-322-2
TRW-R 1150°C l,OOhr CYCLES lOO.OOhr TEST 2.3]Bmm THICK STATIC AIR
-0,0
u
:= -I .0
¢J
tJ.
-2.0
Ni BASE
TRH-R
__I
0 10
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I
20 30 40 SO 60 70 80
TIME,hr
I
90 100
COflMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
I150°C t.OOhr CYCLES IO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE
100 hr
STANDARD SURFACE
SPINEL, aO=O.1OA,
AI 03
TR_(RUT[LE),d(IIO)_3.3OA.
Hf02
FACE CENTERED CUBIC MATRIX
SPALL
tO0 hr
COLLECTED SPALL
NiO
SPINEL, aO=B.3OA.
TRI(RUTILE).d(IIO)(3.3OA.
SPINEL, aO:B.IOA.
T[ME,hr AN/A,mg/cm2
0.00 0.00
1.00 0.34
15.00 -0.86
30.00 -1.24
45.00 -_.57
60.00 -1.75
75.00 -1.97
90.00 -2.17
100.00 -2.46
02-04-032-322-2
2.33Bmm THICK STATIC AIR
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Hi BASE
TRwoR
-0.0
u
3:
t_J
-o .s
u_
-1 .0
I
2O
COMMERCIAL CAST GANHA/GAffHA PRIME ALLOYS
IIO0°C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0 0
0
I I I I I I I I '
40 60 BO 100 120 140 160 lBO 20
TIME,hr
200.OOhr TEST 2.335mm THICK
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-032-325-2
STATIC AIR
AW/A,mg/cm 2
0.00
0.13
0.04
-0.12
-0.21
-0.31
-0.46
-0.49
-0.58
-0.74
-0,77
-o.e3
-0.93
-0.93
-I.OS
-I.07
Hi BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
TRg-R 1100"C i.00hr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.10A. HiO
AI203 SPINEL, oo:O.3OA.
TRI(RUTILE),d(IIO)(3.3OA. TRI(RUTILE),d(110)(3.30A.
HfO 2 SPINEL, ao:B.OSA.
Cr203
FACE CENTERED CUBIC HATRIX AI203
UNKNOWN LINES. d VALUES
2.70A.
02-04-032-325-2
2.33Smm THICK STATIC AIR
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N; BASE
UD1MET-700
0.0
u
"_ -2s.c
z
c.n
-50
COMMERCIAL CAST GAMMA/GAMIiA PRIME ALLOYS
1150"C 1.0Ohr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0 0
0
I I I I I I I I I
I0 20 30 40 SO 60 70 BO 90
TlME,hr
lO0
_O0.OOhr TEST 9.3%0mm THICK
TIME,hr
0.00
1.00
15.00
30.00
4S.O0
60.00
7S.O0
90,00
100.00
02-04-022-321-6
STATIC AIR
0.23
-11.64
-12.50
-13.72
-18.25
-27.74
-43.79
-60.56
Ni BASE COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOYS
UDIMET-700 IISO°C I.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao=B.25A. NiO
SPINEL, aO:8.1OA. SPINEL, aO:8.2SA.
NiTi03 Ni(W.Mo)04 TYPE 2
Cr203 Cr2O3
A1203
TRI(RUTILE).d(IIO)_3.3OA.
02-04-022-321-6
2.310mm THICK STATIC AIR
FACE CENTERED CUn[C MATRIX
144
Ni BASE
U-700
u
at
4(
2c
u
m
a.
-25
-SO
COHHERCIAL HOT HORKEO GAHHA/GAHHA PRIHE ALLOYS
TIS0'C I.O0hr CYCLES 100.00br TEST
SPECIFIC M(IGHT CHANGE DATA
0
0
0
0
i I I I I l i i J
10 20 30 A0 S0 60 70 80 4)0 ]0O
TIHE.hr
1.760n THICK
TlnE.hr
0.00
1.00
IS.00
30.00
45.00
i0.0|
7S.10
4)0.10
IO0.OO
02-13-016-323"6
STATIC Aim
8MIA.IOICR|
0.00
-0,3|
-11,SA
-13.00
-14.$3
-10.S!
-26,57
-39.37
-$1.14
Ni BASE
U-700
SURFACE
100 hr
STANDARD SURFACE
SPINEL. ml=8.3OA.
SPINEL, eO:8.IOA.
NiO
Cr20 )
CNi.Co.Ft)TiO3
AI2O 3
TRI(RUTILE),d(IIO)£3.3OA.
COHHERCIAL HOT HORKED GAflHA/GAHflA PRIHE ALLOYS
IISO'C 1.00hr CTCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
I00 hr
COLLECTED SPALL
N;O
SPINEL. eo:O.3OA.
FACE CENTERED CUBIC HATRIX
02-13-016-323-6
1.7608t THICK STATIC AIR
14:5
Ni BASE 02-04-022-2S1-1
U-700 200.00hr TEST 1.TS2un THICK STATIC AIR
0.01
u
-lO
x
N
a.
_, -20
EXPERIMENTAL HOT WORKED GAMf,P_/GAJ,_'_._PRIME ALLOYS
1100"C t.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
I I I I I I I I i '
20 40 60 60 100 120 140 160 180 200
TIHE,hr
T[flE.hr
o.0o
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
AH/Ao|OlCm2
0.00
0.91
-5.01
-6.74
-7.48
-9.07
-8.63
°9.24
-9.T5
-10.43
-11.34
-12.73
-14.66
-17.45
-22.17
-27.40
Ni BASE
U-700
SURFACE
200 hr
STANDARD SURFACE
SPINEL, oI=9.ISA.
TRI(RUTILE),dC110)_3.30A.
AI203
TRI(RUTILE).d(110)£3.30A.
FACE CENTERED CUBIC HATRIX
EXPERIMENTAL HOT WORKED GAJ'IMA/G_PRIME ALLOYS
1100"C 1.00hr CYCLES 200.00hr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
SPINEL, ao:B.25A.
Cr203
TRI(RUTILE),d(110)_3.30A.
Ni(H,Mo)D4 TYPE 1
02-04-022-251-1
1.7S2mm THICK STATIC AIR
146
Ni BASE
U-700
u
z
<z
5
0.'
0
-25.
-so I
20
EXPERIMENTAL HOT WORKED GAMPL_/G/_MA PRIME ALLOYS
1100"C 1.00hr CYCLES 200.OOhr
SPECIFIC HEIGHT CHANGE DATA
0 0
0 0
0
0
I I I I I I I t
40 60 80 100 120 140 160 180 200
TIHE.hr
TEST 1.756mu THICK
IHE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-022-251-2
STATIC AIR
_H/A,mB/Cm 2
0.00
1.02
-6.06
-7.68
-8.62
-9.46
-10.25
-11.13
-11.87
-13.10
-14.97
-17.99
-22.29
-29.02
-39.52
-47.83
Ni BASE
U-700
SURFACE
200 hr
STANDARD SURFACE
SPINEL, IO=B.1SA.
TRI(RUTILE),d(I10)_3.30A.
AI203
TRI(RUT]LE),O(I10)[3.30A.
Cr203
FACE CENTERED CUBIC HATR|X
EXPERIMENTAL HOT WORKED GAJ,V4A/GAt,V4A PRIME ALLOYS
1100"C 1.00hr CYCLES 200.OOhr TEST
X-RAT DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
NiO
SPINEL. OO:8.2SA.
TR](BUTILE),d(I10)[3.3OA.
Cr203
Ni(W,Mo)04 TYPE I
02-04-022-2S1-2
1.756mm THICK STATIC AIR
147
Hi BASE
U-700
o0.0
M
z
u
-10.C
N
u
-2._ .C
0
I
2O
EXPERIMENTAL HOT WORKED GAHr,IA/GAPV.IA PRIH[ ALLOYS
t
4O
0
0 0
02-04-022-266-1
I100°C 1.00hr CYCLES 200.OOhr TEST 1.729mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
1 I I
140 160 180 200
I I I I
60 80 tO0 120
TIREohr
TIHE.hr AH/A.Dg/cm 2
0.00 0.00
1.00 1.07
15.00 -6.76
30.00 -6.91
45.00 -9.33
60.00 -9.65
75.00 -9,96
90.00 -I0.34
100.00 -10.63
115.00 -11.03
130.00 -11.58
145.00 -12.20
160.00 -13.24
175.00 -14.66
190.00 -16.61
200.00 -18.64
148
Hi BASE
U-7DO
q
0.0
u
o
-10 .0
o.
or)
-20.0
J
20
EXPERIMENTAL HOT WORKED GAMMA/GAMMA PRIME ALLOYS
I100"C 1.OOhr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGE DATA
0 0
0
0
0
0
0
0
0
0
I I I 1 I [ I
40 60 00 100 120 140 160
TIRE .hr
i I
180 200
1.732mm THICK
TlME.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-022-269-I
STATIC AIR
&MIA,mglcm 2
0.00
0.89
-5.06
-6.07
-6.39
-6.78
°7.20
-7.71
-8.11
-9.62
-9.33
-10.37
-11.89
-14.28
-19.03
-21.46
149
Ni BASE 02-13-016-310-6
U'700 1.762mm THICK STATIC AIR
%
Z'
z
c.J
c.D
N
0.
-I0
-20
-30 0
-40 .
-50 l
20
EXPERIMENTAL HOT WORKED GPZ4MA/G/_4MA PRIME ALLOYS
ll00°C I.OOhr CYCLES 200.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0 0
0 0
0
0
0
0
0
0
J I I I t I I I
40 60 80 100 120 140 160 180
TIME ,hr
2OO
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
145.00
160.00
175.00
190.00
200.00
AW/A,aB/ca2
0.00
-3.89
-29.37
-34.39
-35.31
-3$.78
-36.23
-36.76
-37.17
-30.00
-30.79
-39.03
-41.06
-42.65
-44.59
-46.18
Ni BASE EXPERIMENTAL HOT WORKED G,_MMA/GAIdMA PRIME ALLOYS
U-700 1100"C I.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, eocO.lOA. NiO
AI203 SPINEL, eo:B.2SA.
TRI(RUTILE).d(11O)_3.30A.
UNKNOWN LINES, d VALUES
FACE CENTERED CUBIC eATRIK 3.09A.
2.44A.
02-13-016-310*6
1.762mm THICK STATIC AIR
150
Ni BASE
U-700
0.0
u
• -tO .0
-20.0o
o.
-30 .0
0
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
1100°C 1.OOhr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
I 1 I I I I I I I
20 40 60 80 LO0 120 140 160 1BO 200
TIME .h?
200.00hr TEST 2,308mm THICK
TIHE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
115.00
130.00
14S.00
160.00
17S,00
190,00
200,00
02-04-032-324-6
STATIC AIR
AH/A.mo/cm2
0.00
0.77
-2.42
-0.e6
-7.61
-8.26
-9,64
-9.42
-9.95
-10.77
-11,79
-13.32
-15.83
-19.67
-34.92
-39.06
Hi BASE COHMERCIAL CAST GAMHA/GAHMA PRIME ALLOYS
U-700 1100"C l.OOhr CYCLES 300.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. ao=O.IOk. NiO
NiO SPINEL. ao:B.30A.
SPINEL. ao=O.25A. Cr203
(Ni.Co.Fe)TiO 3 (Ni.Co.Fe)Ti03
Cr2O 3 AI203
TRI(RUT[LE).d(IIO)_3,3OA.
UNKHOHN LINES. d VALUES
FACE CENTERED CUBIC MATRIX 3.10A.
02-04-022-324-6
2.306mm THICK STATIC AIR
151
Ni BASE
U-700
-0.0
u -S.O
,t
z
-10 .0
u
a.
-IS.O
0
I
2O
COMMERCIAL HOT HORKED GAMMA/GAMMA PRIME ALLOTS
1100"C I.OOhr CYCLES 200.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
0
0 0
0
0
0
0
0
0
t I I I I I 1 I '
40 60 OO I00 120 140 160 IBO 200
TlnE.hr
1.748mB THICK
TIME.hr
• m.|9
I.OO
15.00
30.00
4S.tl
60,0|
75.00
90.00
lOB.el
IlS.OO
130.00
145,00
160.00
175.00
190.00
200.00
02-13-016-326-6
STATIC AIR
6H/A,mBIcm2
O.OO
0.73
-S.35
-7.50
-7.7S
-7.92
-8.14
-O.4O
-B.76
-9.24
-9.73
-10.45
-11.47
-12.80
-14.00
-16.65
Ni BASE
U-700
SURFACE
200 hr
STANDARD SURFACE
SPINEL, oI:O.]SA.
SPINEL, II:B.3OA.
(NI.Co,Fe)TIO 3
Cr20 J
TRI(RUTILE).d(IIO)_3,30A.
AI20 J
COMHERCIAL HOT WORKED GAMMA/GAMMA PRIME ALLOTS
IIOD'C 1.00hr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
200 hr
COLLECTED SPALL
SPINEL, eI:O.3OA.
N[O
N_(H,Ho)O 4 TYPE l
TRI(RUTILE).d()IO)_3.3OA.
(Hi.C0,Fe)TiO 3
Cr20 $
FACE CENTERED CUBIC MATRIX
02+13-016-J26-6
1.746ni THICK STATIC AIR
152
Ni BASE
UD[MET-7tO
O.
u -100.
la
:;¢
u. -200.
o.
-300
COMMERCIAL CAST GAMMA/GAHMA PRIME ALLOYS
1150'C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I I I I I I
tO 20 30 40 50 60 70 80 90
TIME,hr
O0
lO0.OOhr TEST 2.329mm THICK
TIME.hr
0.00
t.OO
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-023-321-5
STATIC A[R
AW/A_m_cm2
-0.99
-12.97
-6t.94
-t20.03
-170.19
-218.44
-264.68
-294.07
Ni BASE COMflERCIAL CAST GAMrlA/GArlMA PRIME ALLOTS
UDIMET-710 IISO°C t.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.3OA. NiO
NiO SPINEL, ao=B.2SA.
Cr2O 3 NI(W,Mo)04 TYPE 2
NiIi03 Cr203
TRI(RUTILE),d(IlO)_3.]OA.
02-04-023-321-5
2.]29mm THICK STATIC AIR
FACE CENTERED CUBIC MATRIX
153
Ni BASE
UDIMET-710
u
-100
w
o. -200
0 0
COM_ERCIAC CAST GA_MA/GA_HA PRIHE ALLOYS
1100"C 1.00hr CYCLES
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
I I I I I I I I
20 40 60 80 100 120 140 160
TIME,fir
0
0
I
180 2O0
200.OOhr TEST 2.319mm THICK
TIHE.hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
11S.00
130.00
145.00
160.00
175.00
190.00
200.00
02-04-023-324-5
STATIC AIR
AW/A,Ig/Cl 2
0.00
1.04
0.69
-3.13
-9.66
-23.09
-60.49
-93.21
-111.|4
-136.29
-161.11
-IBS.II
-208.69
-231.76
-255.12
-270.20
Ni BASE COMMERCIAL CAST GAHMA/GAHMA PRIME ALLOYS
UDIMET-710 1100°C 1.00hr CYCLES 200.OOhr TEFT
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL. Io:B.3OA. NiO
NiO SPINEL. 10:8,30A,
Cr203 Cr203
Ni(H,Ho)O 4 TYPE 2 (N;,Co,Fe)TIO 3
TRI(RUTILE),d(IIO)_3.3OA,
FACE CENTERED CUBIC HATRIX
02-04-023-324-5
2.319mm THICK STATIC AIR
]54
Ni BASE
blAZ -20
_- -250
-500,
COMMERCIAL CAST GAMMA/GAMMA PRIME ALLOTS
llSO'C l.OOhr CTCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
i I I I I I I I I
tO 20 ]0 40 50 60 70 80 90
TIME.hr
tO0
lO0.OOhr TEST 2.725mm THICK
T[ME.hr
0.00
I.O0
15.00
30.00
45.00
60.00
75.00
90.00
100.00
02-04-024-102-4
STATIC AIR
3.36
-85.34
-175.66
-272.21
-364.84
-447.27
-524.02
-56B.27
155
Ni BASE 02-04 024-102-5
_AZ 20 100.0flt, r TEST 2.705mm THICK STATIC AIR
[}.
c_
E
_t:
u
250
c_
g
-500
COIIIIt!r_CIALCAS[ GAKtIA/GAM_IA PRIME ALLOYS
tlSo°c 1.00hr CYCLES
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
I I I I I I I I I
I0 20 30 40 50 60 70 00 90 I00
TIME .hr
T[ME,hr
0.00
t,00
15,00
30.00
45.00
60.00
75.00
90.00
I00.00
6_IA,mg/cm 2
0.00
2.76
-74.59
-160.94
-241.34
-329.45
-398.74
-4_5.65
-505.33
Ni
IJAZ-20
BASE COrI_IERCIAI. CAST OAM_IA/GAMMA PRIME ALLOYS
IISO"C 1.00hr CYCLES 100.OOhr TEST
X RAY DIFFRACTION DATA
SURFACE SPALL
I00 hr _00 hr
STANDARD SURFACE COLLECTED SPALL
NI<W,Mo)04 TYPE 1 Ni(_,Mo)04 TYPE I
Cr2O 3
UNKNOWN LINES, d VALUES
3.80A.
1.54A.
1.OOA.
1.36A.
02 04-024-I02-5
2.705mm THICK STATIC AIR
156
Co BASE
_IAR-M-509
%
u
E
o 50
u_
ua
o_
(Jl
-I00
CAST (TURBINE) ALLOYS
IISO°C 1.00hr CYCLES 100.OOhr TEST 2.5lSmm THICK
SPECIFIC WEIGHT CHANGE DATA
)-_-0_
0
0
I i I I I I I I I
10 20 30 40 50 60 70 BO 90 tOO
TINE,hr
T1ME,hr
0.00
I.O0
15.00
30.00
45.00
60.00
75.00
90.00
tO0.O0
03-02-003-102-1
STATIC AIR
AWIA,m91cm2
0.00
1.45
-0.16
-2.13
-13.60
-33.61
-52.28
-77.50
-97.07
157
Co BASE CAST (TURBINE) ALLOYS
MAR M-509
0
% -so
_a
_, -loo.
t__
_a
a_
-150
0
0
03-02-003-102 2
I150°C l.OOhr CYCLES lO0.OOhr TEST 2.523mm TH[CK STATIC AIR
SPECIFIC WE]GHT CHANGE DATA
0
I I I I I I I I I
I0 20 30 40 50 60 70 00 90 100
T[ME,hr
Co BASE CAST (TURBINE) ALLOYS
MAR-H-S09 I150°C i.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cr203 CoD
SPINEL, ao=O.35A. SPINEL. ao:B.25A.
Cr2O 3
TIHE,hr 6WIA,mglcm2
0.00 0.00
1.00 1.27
15.00 -0.40
30.00 -7.22
45.00 -27.82
60.00 -52.49
75.00 -86.38
90.00 -140.68
I00.00 -177.51
03-02-003-I02-2
2.52Jmm THICK STATIC AIR
158
Co BASE
MAR-M-S09
0.(]
%
E
-loo.o
_ -200.0
) 0
CAST (TURBINE) ALLOYS
I150"C l.OOhr CYCLES lO0.OOhr TEST 2.338mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
q
I I I I I I I I I
I0 20 30 ,I0 50 60 70 80 90 I00
TIME,hr
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
lO0.O0
03-02-003-323-4
STATIC AIR
ANIA,mglcm2
0.00
-0.10
0.10
-14.11
-61.87
-120.62
-177.90
-233.02
-265.19
Co BASE CAST (TURBINE) ALLOYS
MAR-M-S09 1150°C l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:B.3OA. CoO
CoO SPINEL, ao:O.3OA.
Cr203 NT(W,Mo)O4 TYPE I
FACE CENTERED CUBIC MATRIX
03-02-003-323-4
2.330mm THICK STATIC AIR
159
Co BASE
elAR-1t-509
-50
,.o
-100
Co BASE
NAR-H-S09
0
CAST (TURBINE) ALLOYS
SURFACE
200 hr
STANDARDSURFACE
SPINEL, ao:8.)SA.
CoO
o o o
I100"C l.OOhr CYCLES 200.OOhr TEST
SPECIFIC WEIGHT CHANGEDATA
0
0
0
0
0
0
0
I I I I I I
20 40 60 O0 I00 120
T[ME,hr
CAST rTURBINE) ALLOYS
I I
140 160
0
I
180 200
03-02-C03-310-I
2.330mm THICK STATIC AIR
TIHE,hr
0.00
1.00
15.00
30.00
4S.00
60.00
75.00
90.00
I00.00
II5.00
130.00
145.00
160.00
175.00
190.00
200.00
0.62
0.06
1.61
0.68
-4.03
-9.61
-21.89
-32.34
-S3.60
-62.38
-77.45
-93.43
-Ii0.65
-127.44
-137.90
03-02-003-310-!
STATIC AIR1100*C I.OOhr CTCLES 200.OOhr TEST 2.330mm THICK
X-RAY DIFFRACTION DATA
SPALL
200 he
COLLECTED SPALL
SPINEL, 00:8.35A.
CoO
AI2TiO $
160
Co BASE 03-02-003-326-4
eAR-M-S09 STATIC AIR
o=
-I00
,o
-200
CAST (TURBINE) ALLOTS
1100"C 1,00hr CYCLES 200.OOhr TEST 2.327mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
<
I I I I l 1 I
20 40 60 80 100 120 140 200
T]HE.hr
0
0
0
I I
160 180
TIME.hr
0,00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
IIS.O0
130.00
14S.00
160.00
175.00
190.00
200.00
6H/A.mg/cB 2
0.00
0.56
1.64
3.52
-9.71
-22.26
-43.42
-62.52
-72.71
-92.81
-115.17
-139.43
-161.24
-179.91
-]98.26
-211.15
Co BASE CAST (TURBINE) ALLOYS
MAR-H-S09 1100"C I.OOhr CYCLES 200.OOhr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
200 hr 200 hr
STANDARD SURFACE COLLECTED SPALL
CoO SPINEL. ao:B.35A,
SPINEL. ao=8.3SA. CoO
AI2TIO S AI2TiO S
FACE CENTERED CUB]C MATRIX
03-02-003-326-4
2.327un THICK STATIC AIR
161
Co BASE CAST (TURBINE) ALLOYS 03-02-002-099-1
N{-S2 IISO'C l.OOhr CYCLES lO0.OOhr TEST 2.720mm THICK STATIC AIR
Cl
W
Z
U
H
u
w
o_
+250
-SO0
SPECIFIC WEIGHT CHANGE DATA
{ I { I I 1 I I {
10 20 30 40 SO 60 70 80 90 100
TIliE,hr
TIME,hr ANIA,molcm2
0.00 0.00
1.00 2.49
IS.00 -85.39
30.00 -IB9.58
45.00 -206.05
60.00 -383.30
75.00 -472.69
90.00 -SS7.34
100.00 608.21
162
Co BASE CAST (TURBINE) ALLOYS 03-02-002 099-2
WI.,52 1.00hr CYCLES 100.OOhr TEST 2.694mm THICK STATIC AIR
u
cn
O.
-250
-500
1150°C
SPECIFIC WI!IGHT CHANGE DATA
(
J I I I I I I I I
10 20 30 40 50 60 70 80 90 I00
TIME,hr
TIME,hr AWIA,mglcm2
0.00 0.00
1.00 2.65
15.00 -Bl.B7
30.00 -202.28
45.00 -317.06
60.00 424.07
75.00 -521.30
90.00 -609.22
100.00 -663.28
Co BASE CAST (TURBINE) ALLOYS 0]-02-002-099-2
W[-52 1150"C l.OOhr CYCLES 100.00hr TEST 2.694mm THICK STATIC AIR
k-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:O.35A. CoO
Cr203 SPINEL, ao=8.35A.
CotlO4 15-867 CoWO4 15 867
FACE C(ZNTERED CUBIC MATRIX
163
Co BASE 03-02-002-105-4
WI 52 STATIC AIR
V¢
c_
,o
CL
2S0.
SO0
CAST (TURDINC) ALLOYS
IISO°C 1.00hr CYCLES 100.OOhr TEST 2,651mm IHIC,K
SPECIFIC _EIGHT CHANGE DATA
0
0
I I I I I I I I I
10 20 30 ,I0 50 6{) 70 80 90 100
TlrIE,hr
TIME,hr
0.00
1.00
I$.00
20.00
45,00
60.00
75.00
90.00
100.00
AW/A,mg/cm2
0.00
2,25
-49.38
-171.39
292.62
-403.98
-503.7S
-594,00
-650.60
164
Co BASE
WI 52
c_
_° 250
,:[
H
L#
U
H
LL
Cr_
50O
O.
CASE (TURDIN{ ALLOTS
1150°C 1.OOhr CYCLES lO0.OOhr TEST 2.657mm TIIICK
SHECIFIC WEIGHT CHANGE DATA
0
0
I I I f I I I I
I0 20 30 40 50 60 70 80
TltlE.hr
0
f
90 O0
Co IIASI_ CAST (rURBINI{) NLOT5
#II 52 1150°C l.OOhr CYCLES lO0.OOhr TEST
X RAY DIFFRACTION DATA
SURFACE SPALL
100 hr ]00 hr
STAt_DARD SURFACE COLLECTED SPALL
SPINEL, a 0 8.35A. CoO
Cr203 SPINFL, ao:8.20A.
NiO SPINEt., a 0 8.30A.
AI203
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
03-02-002-I05-5
STATIC AIR
AN/A,mg/cm 2
0.00
2.28
-48.40
-167.99
-281.23
-385.22
-481.24
-567.32
623.71
03 02-002-105-5
2.657mm THICK STATIC AIR
165
Co BASE
gl -S2
-I00
u
= -200
c.>
-300
-400
0 10
CAST (TURBINE) ALLOTS
1150"C I.OOhr CTCLES 7S.OOhr TEST
SPECIFIC ME]GHT CHANGE DATA
0
0
I 1
20 30 40 SO 60 70 BO 90 TO0
TINE ,hr
3.226mm THICK
TIME,fir
0.00
1.00
15.00
30.00
4S.00
60.00
75.00
03-02-002-128-5
STATIC AIR
6g/A,mg/cm2
OmO0
-4.82
-110.82
-211.43
-288.20
-34O.42
-418.96
166
Co BASE
g.-S2
m
-I00
w
o
z
o
i
o
-200
w
-300.
CAST (TURBINE) ALLOYS
1093"C 1.OOhr CYCLES lO0.OOhr TEST 3.226mm THICK
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
(
l I I I [ I I I I
TIME hr
0 O0
I O0
15 O0
30 O0
45 O0
60.00
7S.00
90.00
IO0100
10 20 30 40 SO 60 70 80 90 I00
TIeE.hr
03-02-e02-120-1
STATIC AIR
_HIA,mglcm 2
0.00
1.45
-16.88
-74.28
-131.47
-194.07
-253.06
-298.92
-327.52
167
Co BASE
gl -$2
%
u
z
z
c_)
c_
-100.
-200.
-300.
CAST (TURBINE) ALLOYS
1093"C I.OOhr CYCLES tOO.0Ohr TEST 3.226== THICK
SPECIFIC XEIGHT CHANGE DAIA
0
0
0
I l ] I I f t I I
10 20 30 40 SO 60 70 80 90 100
T|HE,hr
03-02-002-120-2
STATIC AIR
TlffE,hr Ag/A,mg/Cm3
0.00 0.00
1.00 1.42
15.00 -36.47
30.00 -97.13
aS.00 -1S9.57
60.00 -225.73
75.00 -279.36
90.00 -320.91
100.00 -346.3B
Co BASE CAST (TURBINE3 ALLOYS 03-02-002-120-2
gI-S2 1093"C 1.00hr CYCLES lO0.OOhr TEST 3.226mm THICK STATIC AiR
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
Cr2O3 CoO
CogO 4 15-867 SPINEL. ag:B.3OA.
CoO CoWO 4 15-867
SPINEL, aO:8.3SA.
TRI(RUTILE].d(IIO)>3.30A.
168
Co BASE
HI-S2
0.(
% -100.(
z
x
o -200.0
-300.0
CAST {TURBINE) ALLOTS
t093"C O.OShr CTCLES OS.OOhr TEST
SPECIFIC HEIGHT CHANGE DATA
0
0
0
0
0
0
0
0
0
0
0
0
0
t I ] I i I t I°1
|0 20 30 40 SO 60 70 80 90
T[HE.hr
100
3.226mi THICK
TIME,hr
0.00
0.05
S.O0
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
SO.O0
55.00
60.00
65.00
70.00
75.00
BO.O0
65.00
03-02-002-151-1
STATIC AIR
AH/A.mB/cm 2
0.00
0.07
0.28
-6.07
-24.80
-51.01
-73.54
-93.90
-121.1B
-141.62
-168.72
-190.32
-216.15
-235.91
-260.99
-282.52
-30|.78
-321.90
-372.34
Co BASE
Hi-S2
SURFACE
100 hr
STANDARD SURFACE
CoO
SPINEL, aI:B.30A.
Cr2O 3
FACE CENTERED CUBIC MATRIX
CAST (TURBINE) ALLOTS
1093"C O.OShr CYCLES 8$.OOhr TEST
X-RAY DIFFRACT[ON DATA
SPALL
100 hr
COLLECTED SPALL
CoO
SPINEL. aO:O.3OA.
03-02-002-151-I
3.226mm THICK STATIC AIR
169
Co BASE
gl-S2
O.Q
%
-100.0%
_ -200.0
-300 .0
-400.0
0
0
I
I0
CAST (TURBINE) ALLOTS
0
0
I093"C O.OShr CYCLES
SPECIFIC WEIGHT CHANGE DATA
I
20
0
0
0
t
30
0
0
0
0
I I
4O 50
TlPtE.hr
0
0
[
6O
0
0
t
7O
0
IOl
80 90 O0
03-02-002-151-2
8S.OOhr TEST 3.277mm THICK STATIC AIR
TIME.hr AW/A.mg/cm2
0.00 0.00
0.05 0.07
5.00 O.IB
I0.00 -8.08
lS.O0 -37.93
20.00 -61.72
25.00 -85.37
30.00 -112.80
35.00 -134.93
40.00 -156.4e
45.00 -190.09
SO.O0 -212.17
SS.O0 -232.9S
60.00 -253.47
65+00 +284.71
70.00 -303.60
75+00 -339.34
80.00 -360.25
85.00 -393.72
170
Co BASE
WI-S2
u
:=
(J
O.
-2S.
-SO.
C_ST (TURBINE) ALLOYS
1038"C 1.0Ohr CYCLES lO0.OOhr TEST 3.251mm THICK
SPECIFIC HEIGHT CHANGE DATA
0
0
0
I I I [ I I t I 1
10 20 30 40 SO 60 70 90 90 100
TIHE .hr
TIHE.Kr
O.O0
1.O0
15.00
30.00
45.00
60.00
75.00
90.00
100.00
03-02-002-|40-4
STATIC AIR
AW/A,mg/ca 2
0.00
0.57
1.77
0.29
-6.04
-14.91
-26.64
-42.72
+54.87
Co BASE
WI-S2
SURFACE
100 hr
STANDARD SURFACE
SPINEL, o0:8.30A.
Cr2O3
CoO
UNKNOWN LINES, d VALUES
1.76A.
CAST (TURBINE) ALLOYS
1038"E l.OOhr CYCLES lO0.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
SPINEL. ao:O.3OA.
SPINEL. |o:B.4OA.
03-02-002-140-4
3.251mm THICK STATIC AIR
171
Co BASE
_1-52
u
a_
a
z
o
-2S
-50.
CAST (TURBINE) ALLOTS
1038"C 1.00hr CYCLES |00.00hr TEST 3.226mm THICK
SPEC]F]C WEIGHT CHANGE DATA
0
0
0
0
l
10
(
t I I I I I I t
20 30 4G $0 60 70 80 90 ]00
Tl_E,hr
TtME,hr
0.00
1.00
15.00
30.00
4S.00
60.00
75.00
90.00
100.00
03-02-002-140-S
STATIC AIR
6W/A,mg/C| 2
0.00
0.21
1,43
0.32
-7.66
-18.$7
-31.48
-46.77
-57.43
172
Co BASE
Wl -52
1.0
_0.
cJ
c_
z
:t:
td
t_
_ -2.
-3.
CAST (IURB[NE) ALLOYS
982°C 1.00hr CYCLES 100.OOhr TEST 3.226mm THICK
SPECIFIC HEIGHT CHANGE DATA
I I I I I I I I I
tO 20 30 ,10 50 60 70 80 90 I00
TIME,hr
03-02-002-I04-I
STATIC AIR
TIME,hr AHIA,mglcm2
0.00 0.00
1.00 0.04
15.00 0.36
30.00 0.50
45.00 0.78
60.00 1.03
75.00 0.89
90.00 -0.96
I00.00 -3.41
Co BASE CAST (TURBINE) ALLOTS 03 02 002-104-I
NI-S2 982°C l.OOhr CYCLES I00.00hr TEST 3.226mm THICK STATIC AIR
X RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPIXEL, a 0 8.30A. CoO
Cr2g 3 SPINEL, ao:8.30A.
CoO
173
Co BASE
Wl -52
2.0
l.O
%
cJ
-0.
3C
CO
-2.0
-] .0
CAST (TURBINE) ALLOYS
982°C
SPECIFIC WEIGHT CHANGE DATA
03-02-002-I04-2
l.OOhr CYCLES lO0.OOhr TEST 3.2Slmm THICK STATIC AIR
0
0
0
t t I I 1 I I I I
I0 20 30 40 SO 60 70 80 90 I00
TIME,hr
TIME,hr AWIA,mg/cm2
0.00 0.00
1.00 -0.07
15.00 0.35
30.00 0.49
45.00 0.78
60.00 1.06
75.00 1.52
90.00 O.ll
I00.00 -2.69
174
Co BASE
X-40
0.0
-lo.o
u.
-20.
CAST (TURBINE) ALLOYS
II50"C l.OOhr CYCLES lO0.OOhr TEST 3.2SBmm THICK
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I I I
10 20 30 40 50 60 70 BO 90
TIME,hr
00
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
100.00
03-02-001-095-5
STATIC AIR
AH/A.mg/cm2
0.00
0.35
-1.4B
-2.69
-3.82
-4.49
-4.95
-9.65
-25.44
175
Co BASE
X-40
0.0
-50.0
z
u
100.0
-150.0
CAST (TURBINE) ALLOYS
ItSO'C l.OOhr CYCLES lO0.OOhr TEST 3.270mm THICK
SPECIFIC WEIGHT CHANGE DATA
I I I I I I I I [
I0 20 30 40 50 60 70 80 90
TIHE,hr
100
03-02-001-095-4
STATIC AIR
TI,E.,_O.O0 _"/A6"_:"2.
1.00 0.63
15.00 -3.41
30.00 -9.64
45.00 -37.83
60.00 -84.11
75.00 -124.40
90.00 -164.27
100.00 -185.95
Co BASE CAST (TURBINE) ALLOYS 03-02-001-095-4
X-40 II50"C l.OOhr CYCLES lO0.OOhr TEST 3.270mm THICK STATIC AIR
X-HAY DIFFRACTION DATA
SURFACE SPALL
lO0 hr I00 hr
STANDARD SURFACE COLLECTED SPALL
SPINEL, ao:8.25A. CoO
Cr203 SPINEL, ao:B.2SA.
SPINEl, ao-8.20A.
Cr203
176
CoBASE
X-40
0.03
o
-so.(
_J
LL
-100.C
I
10
Co BASE
X-40
SURFACE
100 hr
STANDARD SURFACE
SPINEL, ao:B.35A.
Cr203
NIO
NI(W,Mo)04 TYPE I
CAST (TURBINE) ALLOYS
1150"C l.OOhr CYCLES lO0.OOhr TEST 2.521mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
0
I I I I I I I I
20 30 ,10 SO 60 70 80 90
T[ME,hr
I00
TIME,hr
0.00
1.00
1S.O0
30.00
45.00
60.00
75.00
90.00
100.00
CAST (TURBINE) ALLOYS
1150°C 1.00hr CYCLES 100.OOhr TEST
X-RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
CoO
0_-02-001-105-3
STATIC AIR
0.75
-1.32
-6.12
-1B.47
-36.B3
-62.6!
-95.96
-121.83
03-02-001-105-3
2.521mm THICK STATIC AIR
177
Co BASE 03-02-001-I05-6
k-40 STATIC AIR
0.[
%
u
E
Jz
LJ
(J
u_
-100.(
0
I
lO
EAST (TURBINE) ALLOYS
I150°C 1.00hr CYCLES 100.OOhr TEST 2.568mm THICK
SPECIFIC WEIGHT CHANGE DATA
0
0
0
0
0
I I I I I I I I
20 ]0 40 50 60 70 80 90
TIHE.hr
I00
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
AW/A,mg/cm 2
0.00
0.55
0.35
-4.43
-17.62
-38.52
-62.81
-91.53
-113.63
178
Co BASE
X-40
u
z
N
a._
,..n
-10
-20
-]0
-4D
EAST (TURBINE) ALLOYS
IlSO'C 1.00_r C_CLES 4S.00hr TEST
SPECIF!C HEIGHT CHANGE DATA
0
0
0
. I I 1 II I I I [
10 20 30 40 $0 60 70 BO 90 100
TIME ,hr
3251mm THICK
TlHE.hr
0.00
1.00
15.00
30.00
45.00
D3-02-001-128-3
STATIC AIR
AH/A,mg/cm2
0.00
-0.46
-6.16
-12.40
-42.54
179
0.0
'_ -50.0
171
z
_ -100.
i.P
Q.
-150.
CAST (TURBINE) ALLOTS 03-02-001-128-6
I1SO'C t.OOhr CYCLES tO0.OOhr TEST 3.1SOme THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
0
10
I t t t I I I t I
I0 20 30 40 SO 60 70 BO 90
TIME,Nr
TIME.hr _W/A.ug/cm2
0.00 0,00
1,00 0.43
15+00 -2.87
30.00 -9.4B
4S.00 -40.SB
60.00 -BS.B3
7S.00 -125.04
90.00 -165.30
100.00 -16B.64
180
Ca BASE
X 40
0.0
u
zi;
tj
H
_g
u_
200.
03 02 001_146-]CAST (IURBINE) ALLOTS
1150°C 1.00hr CYCLES 100.00hr TEST 3.251mm THICK STATIC AIR
SPECIFIC HEIGHT CHANGE DATA
TIME.hr
0.00
1.00
15.00
30.00
O 45.00
60.00
75.00
90.00
100.00
I I ,
10 20 30 40 50 60 70 80 90 I00
TIME.hr
I I I I I I I
gH/A.mg/cm2
0.00
0.53
-2.47
-12.54
-47.66
-96.,12
136.53
-123.17
-197.07
181
Co BASE CAST (TURBINE) ALLOYS
X-40
o
c_
c_
o.
-0.0
-2 .S
-S.O
I
10
03-02-001-096-4
I093°C 1.00hr CYCLES 100.00hr TEST 3.2Slmm THICK STATIC AIR
SPECIFIC WEIGHT CtIANGE DATA
O
O
I I I I I I I I
20 30 40 50 60 70 B0 90 I00
TIME,hr
TIME.hr AHIA,mg/cm2
0,00 0.00
1.00 0.53
15.00 -1.27
30.00 -2.19
45.00 -3.00
60.00 -3.92
75.00 -4.24
90.00 -4.70
100.00 -S.02
Co BASE CAST (TURBINE) AELOYS
X-40 I093°C 1.00hr CYCLES 100.00hr TEST
k-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE COLLECTED SPALL
SPINEl_, a0:8.3SA. CoO
SPINEL, a0:B.3SA.
Cr2O3
03-02-001-096-4
3.2Slmm THICK STATIC AIR
182
Co BASE CAST (TURBINE) ALLOYS 03-02-001-096-5
k-40 t.OOhr CYCLES lO0.OOhr TEST J.2SImm THICK STATIC AIR
-0.0
(J
i
o -2 .-'i
Lo
-S .0
I093°C
SPECIFIC WEIGHT CHANGE DATA
0
0
0
I I I I I I i I I
I0 20 30 40 50 60 70 BO 90
T[HE,hr
O0
TIME.hro.o0 AH/A_ml_cm2.
1.00 0.49
15.00 -1.37
30.00 -2.26
45.00 -3.10
60.00 -4.02
75.00 -4.44
90.00 -5.04
IO0.O0 -5.04
183
0.[
E
-so.c
u
u.
a_
-I00.0
CAST (TURBINE) ALLOYS
I093°C O.OShr CYCLES 100.00hr TEST
SPECIFIC WEIGHT CHANGE DATA
0
0
O
_0 o 0 0
0
0
O
0
0
0
0
I I I I t t I I I
10 20 30 40 50 60 70 00 90
T [111:_,hr
oo
O.12Bmm THICK
TIME,hr
0.00
0.05
5.00
10.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60,00
65.00
70.00
75.00
80.00
85.00
90.00
95.00
100.00
03-02-001-t31-5
STATIC AIR
0.18
-0.28
-1.91
-2.65
-3.46
-5.72
-7.95
-12.93
-22.08
-35.62
-52.51
-61.16
-70.49
-01.27
-90.13
-99.00
-III.55
-I19.96
-126.74
-136.70
Co BASE CAST (TURBINE) ALLOYS
X 40 I093"C O.05hr CYCLES 100.00hr TEST
X-RAY DIFFRACTION DATA
SURFACE SPALL
100 hr 100 hr
STANDARD SURFACE SECOND SURFACE PHASE
CoO SPINEL, ao-B.45A.
SPINEL., aO:8.30A. CoO
Cr203
03-02-001-131-5
0.128mm THICK STATIC AIR
184
Co BASE
X-40
O.C
u
m
• -SO .(
:It:
M
u
N
-lO0 .0
a.
en
-150.0
CAST (TURBINE) ALLOTS
1093"C O.OShr CYCLES lO0.OOhr TEST ].2Slmm THICK
SPECIFIC HEIGHT CHANGE DATA
>0 0 O0
I I I
10 20 30
0
0
0
0
0
0
0
0
I I I
40 SO 60
TIME .hr
0
0
0
0
0
I I 1
70 80 90
0
i
O0
TIME,hr
0.00
0.05
5.00
lO.O0
20.00
25.00
30.00
35.00
40.00
4S.00
SO.O0
$S.00
60.00
65.00
70.00
75.00
80.00
8S.00
90.00
95.00
100.00
03-02-00|-131-4
STATIC AIR
_H/A,mg/cm 2
0.00
0.21
-0.21
-1.59
-2.83
-3.64
-6.32
-9.01
-18.73
-29.75
-39.04
-52.68
-63.64
-74.31
-0S.44
-94.62
-lOS.SO
-117,96
-126.67
-133.35
-143.21
185
Co BASE
X-40
0.0
u -10.[
an
z
-20.0
a_
u_
-30.0
-40 0
CAST (TURBINE) ALLOTS
0
0
03-02-001-143-5
1093"C l.OOhr CYCLES lO0.OOhr TEST 3.251mm THICK STATIC AIR
SPECIF]C gE]GHT CHANGE DATA
I I I t I
10 20 30 40 SO
TIHE.hr
0
I I 1 I (
10060 70 BO 90
TIHE.hr AWIA,mglcm2
0.00 0.00
1.00 0.49
15.00 -1.59
30.00 -2.61
45.00 -3.$3
60.00 -S.SS
75.00 -11.41
90.00 -22.37
100.00 -39.1S
186
C0 BASE
X-40
-0.0
o
L_ -L .o
c.i
H
t_
uJ
_-, -2.0
CAST (TURBINE) ALLO%$
I018"C l.OOhr CYCLES lO0.OOhr TEST 3.251mm THICK
SPECIFIC HEIGHT CHANGE DATA
0
0
0
I I I I I I I I I
I0 20 30 40 50 60 70 80 90 100
ll_IE,hr
llME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
03-02-001-098-4
STATIC AIR
AW/A.mg/cm2
0.00
0.14
-0.04
-0.67
-1.27
-1.55
-1.84
-2.19
-2.61
187
Co BASE 03 02 001 098-5
X 40 STATIC AIR
-0.0
L_
Z
c_
2.0
CAST (TURBINE) ALLOYS
I038°C l.OOhr CYCLES lO0.OOhr TEST 3.251mm THICK
SPECIFIC HEIGHT CHANGE DATA
0
0
I I I I I I I I
20 30 40 50 60 70 BO 90 I00
TIME,hr
TIME,hr
0.00
1.00
15.00
30.00
45.00
60.00
75.00
90.00
I00.00
AWIA,mglcm2
0.00
0.21
0.14
-0.46
-1.I0
-l.S9
-1.94
-2.23
-2.54
Co BASE
X-40
SURFACE
100 hr
STANDARD SURFACE
Cr203
SPINEL. ao:8.3OA.
FACE CENTERED CUBIC MATRIX
CAST (TURI}[NE) AllOYS
I038°C l.OOhr CYCLES 100.00hr IEST
× RAY DIFFRACTION DATA
SPALL
100 hr
COLLECTED SPALL
SPINEL, aO_B.2SA.
Cr203
03-02-001 098 S
3.2Slmm THICK STATIC AIR
188
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